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CALCULATION  OP  LOGARITHMIC  AMPLIFIERS  MITH  NONLINEAR  ELEMENTS  IN  LOAD 
CIRCUITS. 


G.  M.  Krylov,  A.  S.  Kakunin,  V.  I.  Panov. 


Are  examined  the  nethods  of  calculation  and  design  of  the 
logarithaic  amplifiers,  which  have  nonlinear  cell/elements  in  load 
circuits.  Considarable  attention  is  devoted  to  the  solution  of  the 
problea  of  providing  an  independence  of  the  bandwidth  of  amplifier 
from  changes  of  input  signal  level. 

The  book  is  intended  for  the  design  and  planning  engineers  and 

designers  of  radio- electronics  eguipeent. 
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Page  3. 

PREFACE. 

Logarithmic  amplifiers  find  ever  increasing  use  in 
radio-electronics  equipment  and  measuring  devices  of  different 

designation/purpose.  In  connection  with  this  in  the  course  of  the 
past  decade  in  the  Soviet  Union  and  abroad  appeared  a series  of 

works,  in  which  ware  examined  the  methods  of  logarithmic  operation, 
and  also  the  special  feature/peculiarity  of  the  calculation  of 
logarithmic  computing  circuits.  However,  the  trends  of  works 
indicated  in  the  majority  of  cases  has  either  a especially 
theoretical  character  or  a character  of  the  description  of  the 
results  of  experimental  study,  which  creates  the  definite 
difficulties  of  using  them  by  wide  circles  of  the  engineers  - the 
developers  of  radio-electronics  equipment. 

In  the  proposed  book  are  examined  the  most  important  practical 
questions  of  design  and  calculation  of  the  logarithmic  amplifiers,  in 
the  composition  of  the  circuit  diagrams  of  interstage 
commun icat ion/conn ect ion  of  which  enter  nonlinear  cell/elements. 
Specifically,  are  examined  the  different  methods  of  the  realization 
of  nonlinear  resistors  or  logar ithmizing  circuits,  special 
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feature/peculiarity  of  the  execution  of  the  logarithmic  amplifiers  of 
aperiodic  and  resonance  types,  are  examined  methods  of  the 
stabilization  of  the  bandwidth  of  logarithmic  amplifiers,  and  also  a 
series  of  other  questions,  which  have  great  practical  value. 


On  the  basis  of  theoretical  analysis  is  developed  the  new 
procedure  of  the  engineering  calculation  of  the  logarithmic 
amplifiers,  made  according  to  the  principle  of  the  shunting  of  load 
by  nonlinear  cell/elements.  This  procedure,  suitable  for  the 
calculation  and  transistor  and  vacuum-tube  amplifiers,  differs  in 
terms  of  simplicity,  which  does  not  affect  the  accuracy  of  the 
calculation.  In  this  case  complex  theoretical  positions  are  led  to 
simple  formulas  and  the  convenient  in  use  curve/graphs,  which  make  it 
possible  to  qive  actually  the  synthesis  of  the  logarithmic  amplifier. 

Page  4. 

It  is  necessary  to  note  that  the  basic  condition/positions  of 
the  proposed  calculation  procedure  are  universal  and  can  be  used 
during  the  design  not  only  logarithmic  amplifiers  of  the  type 
indicated,  but  also  other  devices,  which  contain  the  nonlinear 
cell/elements  whose  resistor/resistance  changes  under  the  action 
either  of  the  amplified  signal  or  signal  AGC. 


A 


i. 
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In  connection  with  the  fact  that  the  transistorization  of 
electronic  circuits  is  given  at  present  the  special  importance,  in 
that  proposed  to  reader’s  attention  to  the  book  are  examined  mainly 
the  transistor  circuits  of  logarithmic  amplifiers. 

Is  assumed  that  the  book  can  be  used  by  the  gualified 
specialists  in  araa  of  radio-receiving  technology,  by  the  well 
familiar  with  the  basic  condition/positions  of  theory.  In  connection 
with  this  special  feature/peculiarity  of  the  set-forth  below  material 
is  the  wide  use  of  different  formulas  and  expressions,  known  from 
theoretical  radio  engineering  and  for  this  reason  for  those  given 
without  the  comprehensive  derivations. 

Page  5. 

INTRODUCTION. 

CIRCUITS  AND  NETHODS  OF  LOGARITHMIC  OPERATION. 


Logarithmic  amplifier  they  find  as  has  already  been  indicated, 
wide  application  in  the  different  radio  engineering  devices,  which  in 
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accordance  with  the  character  fulfilled  - in  the  common/ge nera  1/tota  1 
complex  of  equipmant  - problems  must  work  under  conditions  of  the 
effect  of  signals  with  the  changing  over  wide  limits  level.  Ueinq  are 
introduced  into  the  composition  of  such  devices,  logarithmic 
amplifiers  make  it  possible  to  solve  the  following  tasks: 

ftrst  , to  prevent  the  possibility  of  the  overloading  of  the 
final  stages  of  the  receiver  by  powerful  input  signals; 

in  the  second  place,  to  carry  out  functional  t ransf or ma ti on  of 
the  electrical  signal,  which  enters  the  input;  this  makes  it  possible 
subsequently  to  cirry  out  processing  signals,  for  example  division  - 
by  the  subtraction  of  the  logar ith mized  signals,  and  so  forth; 
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nonlinear  ce 11/ela nents)  differ  in  terns  of  the  high  speed  of 
response,  which  is  determined  exclusively  by  the  inertness  of 
amplifier  ce ll/ele sent s. 


Page  6. 


In  contemporary  radio  engineering  is  Known  the  sufficiently 
large  number  of  net  hods  of  obtaining  logarithmic  amplitude 
characteristic  (let  us  call/name  them  the  methods  of  logarithmic 
operation).  They  all  can  be  united  several  groups,  which  differ  in 
terms  of  the  generality  of  chart  technology  solution  (by  methods  of 
the  technical  realization,  which  provide  obtaining  logarithmic 
amplitude  characteristic  in  this  circuit)  independent  of  the  method 
of  execution  of  load  circuit  and  type  of  amplifier  cell/el ement . This 
approach  to  the  analysis  of  logarithmic  computing  circuits  makes  it 
possible  to  the  Jstermined  stage  to  conduct  their  research  by  the 
most  general  methods  irrespectively  of  the  concrete/specific/actual 
cell/elements  of  amplifier  circuit. 

As  base  for  the  grouping  of  logarithmic  computing  circuits  can 
serve  the  generalized  formula  of  voltage  a xplif ication  factor  (Kw)  0 
of  the  multistage  amplifier: 

p"'r  ^ j • 


« 

I 
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Here  Y t , is  conductivity  of  the  direct  drive  of  amplifier  instrument; 

~ the  resulting  quantity  of  the  resistor/resistance  of 
load  circuit; 


■ - the  coefficient,  which  determines  the  degree  of  the 
ccmmunication/connection  of  the  jet/reactivc  t wc-t erminal  network, 
which  causes  the  form  of  the  frequency  char  act erist ic  of 
cascade/stage,  with  amplifier  instrument  and  the  subsequent 
cell/elements  of  the  circuit  of  cascade/stage; 

n - the  number  of  amplifier  stages; 

0 - the  transmission  factor  of  feedback  loop. 

On  the  basis  of  the  presented  formula  it  is  not  difficult  to 
indicate  the  possible  methods  of  obtaining  logarithmic  amplitude 
characteristic  in  amplifier.  1)  a change  in  the  value  of  the 

resistor/resistance  of  load  circuit;  2)  a change  in  the  conductivity 
of  the  direct  drive  of  amplifier  instrument;  3)  a change  in  the 
amount  of  feedback. 


j 


All  variable  parameters  (resistor/resistance  of  load  circuit 
the  conductivity  of  direct  drive,  the  depth  of  negative  feedback) 


■ 

PAGE  5 

indicated  must  change  their  value  under  the  effect  of  control  signal. 

Page  7. 

As  the  latter  can  be  used  or  direct/constant  vcltage  (or  the  current) 
whose  level  is  proportional  to  the  amplitude  of  the  amplified  signal, 
or  signal  itself.  The  first  of  the  mentioned  versions  of  control 
signal  can  be  obtained  by  introduction  into  the  amplifier  of  circuit, 
analogous  to  circuit  A GC . The  second  version  (use  as  the  control 
pressure  of  the  most  amplified  signal)  is  specific  for  the 
contemporary  logarithmic  amplifiers,  which  have  considerable 
operating  speed. 

* 

Is  given  below  the  short  characteristic  of  the  used  methods  of 
logarithmic  operation. 

| 

The  simplest  method  of  the  realization  of  logarithmic  amplifiers 
is  the  inclusion  of  nonlinear  cell/elements  in  the  circuit  of  their 
inputs  or  in  the  load  circuit  of  amplifier  instruments  - tubes  and 
transistors.  The  value  of  the  resistor/res ist ance  of  these 
cell/elements  changes  depending  on  of  input  signal  level,  causing 
thereby  the  appropriate  change  in  the  value  of  the  resulting  load 
impedance  and  factor  of  amplification  (cr  the  coefficient  of  the 
division  of  output  signal). 
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Also  are  comparatively  simple  in  realization  the  logarithmic 
amplifiers,  made  with  the  introduction  cf  nonlinear  cell/elements 
into  the  circuit  of  the  negative  feedback,  which  encompasses  entire 
amplifier  or  part  of  it  cascade/stages.  In  this  amplifier  a change  of 
input  signal  level  leads  to  a change  in  the  depth  of  negative 
feedback  and,  consequently,  also  amplification  factor. 

It  is  necessary  to  note  that  in  logarithmic  amplifiers  of  the 
type  in  question  the  nonlinear  cell/element  is  in  fact  the  unique 
specific  part,  which  differs  logarithmic  amplifier  from  the  linear. 
Therefore  the  selection  of  the  type  of  nonlinear  cell/element  and  the 
determ inat ion  of  its  operational  conditions  are  the  fundamental 
questions  with  analysis  and  the  practical  implementation  of  this  type 
logarithmic  amplifiers.  Serious  value  during  the  construction  cf 
multistage  logarithmic  amplifiers  has  also  a question  of  the  coupling 
of  several  sections  of  the  resulting  amplitude  characteristic,  caused 
by  operation  of  those  corresponding  logar ithrai zing  stages.  In  essence 
this  - the  task  of  achievement  of  the  required  accuracy  of  the 
logarithmic  amplitude  characteristic. 

Page  8. 
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Furthermore,  by  the  important  question,  which  are  of  definite 
interest  for  the  developers  of  radio-electronics  equipment,  is  the 
account  of  the  specific  features  of  amplifier  instruments  (are  in 

form  transistors)  s I nonflow  the  provisions  fcr  the  maximum 
effectiveness  of  the  action  of  nonlinear  cell/elements.  There  is 

large  interest  also  in  the  analysis  of  the  special 
feature/peculiarities  of  the  construction-engineering  execution  of 
the  logarithmic  amplifiers,  made  with  the  use  of  nonlinear 
cell/elements  in  those  or  other  parts  of  the  circuit. 


The  third  of  the  mentioned  methods  of  logarithmic  operation, 
that  is  comprised  in  a change  in  the  conductivity  of  the  direct  drive 
of  the  amplifier  instrument  under  the  effect  of  the  amplified  signal, 
is  feasible  only  when  through  the  amplifier  pass  the  signals  of 
considerable  amplitude.  Amplifier  instrument  no  longer  can  in  this 
case  be  considered  as  active  linear  four-pole,  since  changes  of  the 
amplified  signal  level  are  such,  that  in  work  is  used  virtually  for 
all  its  extent/elongation  the  volt-ampere  characteristic  of 
instrument  - substantially  nonlinear  curve.  This  as  the  final  result 
leads  to  the  fact  that  the  transmission  factor  of  active  electrical 
network  depends  as  it  is  obvious,  from  signal  level.  The  required 
fcrm  of  the  amplitude  characteristic  of  amplifier  can  be  reached  by 
the  selection  of  the  position  of  operating  point  on  the  static 
volt-ampere  characteristic  of  amplifier  instrument. 


■ 
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Besides  above  methods  indicated,  logarithmic  amplitude 
characteristic  can  be  obtained  by  the  construction  of  the 
logar ithmizing  device  in  the  fora  of  the  multichannel  system  of 
several  parallel-connected  linear  amplifiers,  the  factors  of 
amplification  of  which  are  located  in  multiple  relationship/ratios, 
with  limiters.  The  output  voltages  of  amplifiers  store/a.dd  up  then  in 
adder.  This  method  is  known  by  the  name  of  "consecutive”  or 
"continuous"  detection. 


r 


i. 


Methods  of  the  construction  of  the  logarit  hmiz  ing  circuits. 


Thus,  the  easiest  method  of  the  construction  of  logarithmic 
amplifiers  is  the  introduction  into  the  composition  of  the  interstage 
networks  of  the  nonlinear  cell/elements,  which  possess  the  completely 
determined  form  of  volt-ampere  characteristic. 

Pa  ge  9 . 

However,  there  are  no  special  semiconductor  devices,  which 
possess  the  volt-ampere  characteristic  whose  form  would  be  descr'oed 


* 

A 
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by  the  required  mathematical  dependence  (in  this  case  logarithmic), 
at  present. 

The  accuracy  of  the  real  amplitude  characteristics  of  the 
loqarithmic  amplifiers,  made  in  the  principle  of  the  shunting  of  load 
by  nonlinear  cell/elements,  is  small  and  it  comprises  not  more  than 
15-20o/o.  This  is  explained  by  the  facts  that  the  radio  engineering 
industry  does  not  release  the  special  logar it h miz ing  cell/elements 
with  the  guaranteed  form  of  volt-ampere  characteristic  and  for 
developers  is  necassary  to  be  adapted  to  the  available  types  of  the 
nonlinear  instruments,  which  are  applied  during  the  solution  of  the 

different  problems  of  nonlinear  radio  engineering  (modulation, 
detection,  etc.). 

As  the  cell/elements,  which  possess  nonlinear  volt - im pore 
characteristic  and  which  ensure  obtaining  the  logarithmic  dependence 

= (Un*),  in  contemporary  amplifiers  are  utilized  the 

semiconductor  diodes,  transistors,  and  also  electron  tubes.  Nonlinear 
circuit  with  logarithmic  characteristic  can  be  realized  also  with  the 
aid  of  the  carborundum  resistor/resistances,  the  ferromagnetic  and 
ferroelectric  cells,  and  also  seme  other  instruments. 

The  simplest  circuit  with  logarithmic  amplitude  characteristic 
is  depicted  on  Fig.  la.,  the  circuit,  which  is  the  semiconductor 
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diode. 


\R*ei 


<*fd) 


irh) 


Fig.  1.  Asymmetric  logarithmizing  circuit. 


a)  circuit;  b)  volt-ampere  characteristic. 

?<2^e.  /O. 

It  is  known  that  the  static  volt-amperes  characteristic  of  the 
majority  of  semi  conductor  junctions  diode  (in  forward  direction)  in 
their  significant  part  are  subordinated  to  logarithmic  (more  precise, 
close  to  it)  dependence.  In  this  region  of  characteristic  the  current 
through  the  diode  (planar  p-n  junction)  is  described  by  the 
expression 
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where  I0  - the  computed  value  of  saturation  current;  q = 1.6*10'1*  k 

t? 

- electron  charge;  U - voltage  on  p-n  junction;  k = 1.38*1 0~*3  J/deg 

TP 

are  xs  Boltzmann  constant;  T - absolute  temperature;  n - constant, 
that  considers  effect  on  the  current  of  different  physical  phenomena; 
value  n ranges  from  1 to  3,  which  is  determined  by  structure  and  the 
material  of  junction.  It  is  shown,  for  example,  that  if  the  germanium 
diodes  are  characterized  by  value  n = 1,  then  for  the  majority  of 
silicon  diodes  n = 1-3. 


Por  that  region  of  volt-ampere  characteristic,  where  is 


satisfied  the  condition 


-2"  > 1, 

, nkT 


equation  (1)  it  can  be  recorded  in  the  form 

‘"7 T=-ST’  M 

i. e.  the  voltage  on  diode  proportional  to  the  logarithm  through  it  of 

the  current  taking  place.  Approximately  analogous  properties  possess 
vacuum-tube  diodes. 


All  forms  of  the  semiconductor  and  vacuum-tube  diodes,  utilized 
as  the  logarithmizing  cell/elements,  are  related  to  the  type  of 


i 
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asymmetric  nonlinear  ce ll/element s.  To  this  type  of  nonlinear 
cell/element  is  characteristic  that  that  the  branches  of  its 
volt-ampere  characteristic  (for  positive  and  negative  voltages), 
depicted  on  Fig.  1b,  sharply  differ  one  from  another  from. 

Page  11. 

The  inclusion  of  linear  resistors  into  the  logarit hmiz ing  circuit  in 
the  manner  that  it  is  shown  in  Fig.  la,  makes  it  possinla  to  raise 
the  degree  of  coincidence  of  the  real  amplitude  charact er i st ic  of 
nonlinear  circuit  with  ideal  logarithmic  curve.  This  method  is  very 
common  in  engineering  practice.  This  type  of  the  logar ithm iz in g 
circuit  can  be  used  when  the  design/projected  circuit  ii,  intended  for 
the  amplification  of  the  signals  only  of  one  pclirity.  Nonlinear 
cell/element  is  made  in  this  case  in  the  form  ol  one  diode  (but 
sometimes  also  several,  connected  in  parallel),  connectel  such  that 
the  output  potential  of  device  it  changed  for  the  input  signals  of 
the  datum  of  polarity  on  logarithmic  law.  Introduction  into  the 
logarithmic  circuit  of  several  in  parallel  connected  diodes  (instead 
of  one)  is  caused  by  the  tendency  not  cnly  to  obtain  volt- ampere 

C 

characteristic,  with  larger  degree  of  accuracy  coinciding  with  ideal 
logarithmic  curve,  but  also  to  raise  the  reliability  of  nonlinear 
cell/element  and,  consequently,  also  the  reliability  of  amplifier 
circuit.  In  this  case  occurs  the  redundancy  of  nonlinear  cell/element 

; 


and  during  the  malfunction  of  one  of  the  diodes  the  nonlinearity  of 
load  diagram  is  retained. 

But  if  appears  the  need  for  carrying  out  a nonlinear  compression 
of  bipolar  signals  (for  example,  sine  voltage  cr  the  voltage,  which 
is  the  combination  of  positive  and  negative  pulse  prem ise/ impu lses) , 
then  the  conductivity  of  nonlinear  cell/element  it  must  be  identical 
for  the  signals  of  each  polarity,  i.e.,  nonlinear  cell/element  must 
be  symmetrical  and  the  form  of  the  branches  of  its  volt-ampere 
characteristic  must  be  identical  both  for  positive  and  for  negative 
voltages. 

As  the  symmetrical  logarithmizing  cell/elements  is  possible  the 
application/use  of  asymmetric  nonlinear  cell/elements,  i.e., 
semiconductor  or  vacuum-tube  diodes,  when  they  are  included  by  vapors 
- in  antiparallel  connection,  as  shown  in  Fig.  2a.  A volt-ampere 
characteristic  of  the  simplest  type  of  symmetrical  nonlinear 
cell/element  is  depicted  on  Fig.  2c.  The  linear  resistors  (fl.-mm  and 
R.-xma),  connected  in  series  with  nonlinear  cell/element  (Fig.  2b), 
make  it  possible  to  achieve  the  higher  degree  of  the  coincidence  of 
the  amplitude  characteristic  of  nonlinear  four-pole  with  ideal 
logarithmic  curve  within  the  wider  limits  of  a change  in  the  level  of 
input  effect. 
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It  is  inte  resting  to  note  that  the  role  of  tk«  linear  resistors, 
included  consecutively  with  nonlinear  cel l/el«Mnts  1 s not 

limited  only  to  adjustment  ot  the  fora  of  real  aaplitude 
characteristic.  Simultaneously  with  this  is  achieved  certain  increase 
in  the  amplitude  ot  output  voltage,  which  is  especially  important  for 
logarithmic  amplifiers  of  the  type  in  question.  Thus,  the  linear 
resistors,  entering  the  composition  of  the  lo  gar  it  hmiz  i n q circuit, 
can  be  considered  as  cell/elements  of  the  correction  of  logarithmic 
amplitude  characteristic.  Consequently,  similar  to  other 
cell/elements  of  the  same  assignment  of  the  value  of  the 
resistor/r es ist ances  of  linear  resistors  they  are  selected 
empirically  in  tha  alignment  procedure  and  tuning  of  logarithmic 
amplifiers,  will  be  given  below  some  practical  recommendations  (based 
on  theoretical  analysis)  by  choice  of  the  values  of  the 
resistor /resistance  of  the  linear  resistors  of  the  logar it hmiz  ing 
circuits. 

The  action  of  asymmetric  and  symmetrical  nonlinear  ce 11/e  lo me nt s 
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or  sinewave  voltage  is  shown  in  Fig.  3 and  4.  From  the  given  Fig.  3 
and  4 diagrams  shows  that  the  appl icat ion/use  of  a symmetrical 
nonlinear  resistor  turns  out  to  be  more  favorable  on  the  level  of  the 
nonlinear  distortions  of  the  amplified  in  logarithmic  signal 
amplifier,  in  this  case  from  the  spectrum  of  the  siqnal,  which 
subjected  to  nonlinear  compression,  are  removed  (on  the  strength  of 
the  symmetry  of  the  circuit  of  the  logarithmizing  circuit)  even 
ha  rmonics. 


» a f 

* MUM) 


% tfe 


Fig.  2.  Symmetrical  logmr it hmixing  circuit,  a,  b)  circuit;  c) 

volt-ampere  characteristic. 

Page  13. 


It  should  be  noted,  however,  that  during  parallel  connection  of 
two  asymmetric  nonlinear  cell/elements  as  a result  of  the 
considerable  scatter  of  their  static  characteristics  it  is 
sufficiently  difficult  to  carry  out  a nonlinear  cell/elenent  with  a 
sufficient  degree  of  the  symmetry  of  the  branches  of  volt-ampere 
characteristic.  la  particular  this  is  related  to  the  aeaiconductor 
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diodes,  which  Bust  be  thoroughly  selected  before  the  setting  into  the 

logarithai zing  node.  In  the  case  of  applying  semiconductor  diodes  the 
circuit  can  become  complicated  (for  obtaining  larger  accuracy  and 
extent  of  logarithmic  curve)  not  only  by  the  introduction  of  linear 
resistors,  but  also  by  the  application  of  voltage  of  bias  to  diodes. 

In  the  most  general  case  nonlinear  circuit  can  be  depicted  in  the 
form  of  the  complex  combination  of  linear  resistors  and  nonlinear 
cell/elements  (Fig.  5)  . 


Fig.  3.  Action  of  asymmetric  nonlinear  cm  11/element  on  sine  voltage. 
voltage  on  the  input  of  nonlinear  circuit; is  voltage 

on  the  inpat  of  nonlinear  cireait. 


Fig.  4.  Action  of  symmetrical  nomlimear  cell/element  on  sine  voltage. 
voltage  on  the  input  of  nonlinear  circuit; -.is  an  output 
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potential  of  nonlinear  circuit. 

Page  14. 

For  obtaining  the  maximum  extent  of  the  logarithmic  section  of 
amplitude  characteristic  and  accuracy  of  its  realization  the  best 
results  it  cau  give  the  application/use  of  the  bridge  logarithmic 
computing  circuit  (Fig.  6).  However,  this  circuit  is  sufficiently 
complex  in  tuning  and  comparatively  rarely  is  utilized  in  logarithmic 
amplifiers. 

Amplitude  characteristic  with  the  logarithmic  section  of  one 
extent  or  the  othar  can  be  obtained  also,  by  utilizing  as  nonlinear 
cell/elements  different  types  of  electron  tubes  and  transistors  (with 
by  the  cor respondi ng  shape  the  selected  operating  mode  on  direct 
current)  . 

During  the  construction  of  logarithmic  amplifier  with  the 
shunting  of  load  by  nonlinear  cell/elements  it  is  necessary  to  focus 
special  attention  on  the  connection  point  of  nonlinear  cell/elements 
in  the  interstage  network  of  amplifier  circuit. 


i 
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Pig.  5.  Circuit  of  the  complex  logar it haizing  circuit. 

Kmy:  (1).  Amplifier  instrument.  (2).  Logar ithaizing  circuit.  (3). 
Power  supply. 


Pig.  6.  Bridge  logarithai zing  circuit. 

Page  15. 

Actually,  if  we  include/connect  nonlinear  cell/elements  in  the  load 
circuit  of  aaplifier  instrument  on  direct  current,  then  depending  on 
of  input  signal  level  the  value  of  the  resistor/resistance  of 
nonlinear  cell/ele nent  and,  consequently,  also  the  resulting  quantity 
of  the  resistor  Assistance  of  load  circuit  on  direct  current  are 
changed  within  more  or  less  wide  limits.  In  turn,  this  will  lead  to  a 
change  of  the  aode/conditions  of  work  of  amplifier  instrument  on 
direct  current  and  as  the  final  result  - to  an  undesirable  change  in 
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the  amplification  factor. 

So,  at  an  increase  in  the  amplitude  of  input  signal  the  value  of 
the  resistor/resistance  of  nonlinear  cell/element  falls  and  increases 
the  potential  of  that  electrode  of  the  amplifier  instrument,  where  is 
included  the  resistor  of  load  (in  transistor  amplifiers  this  usually 
collector/receptacle),  with  respect  increases  the  conductivity  of 
direct  drive  Y21  transistor.  As  the  final  result  increases  the  factor 
cf  amplification  of  cascade/stage,  and  this  increment  to  the  certain 
degree  compensates  for  the  decrease  in  the  amplif icat ion  factor, 
caused  by  the  presence  of  nonlinear  cell/element,  i.e.,  decreases  the 
dynamic  range  of  amplifier  in  input  signals. 

All  this  determines  the  need  for  the  inclusion  of  nonlinear 
cell/element  little  more  than  into  load  circuit  according  to 
alternating  current,  whereupon  not  only  from  the  collect.or/receptacle 
of  amplifier  transistor,  but  also  from  the  input  electrode  of  the 

( 

transistor  of  the  subsequent  cascade/stage  (base  or  emitter).  The 
latter  is  caused  by  the  same  reasons  - by  the  wish  to  ensure  the 

independence  of  the  mode  of  work  of  transistor  cn  direct  current  from 
changes  in  the  amplification  factor.  Therefore  the  circuit  of  the 

logar  ithmi -zi  ng  cascade/stage  must  be  made  in  accordance  with  the 
circuit,  shown  in  Fig.  7. 
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Assuming  that  the  load  of  amplifier  instrument  on  alternat 
current  consist*  of  parallel-connected  linear  resistor  R„  and 
nonlinear  re  11/elm aent  R,„„,  we  determine  output  potential  of  the 
logar  ithmizing  cascade/stage  for  any  values  of  the  amplitude  of 
input,  voltage: 


inq 


the 


iiR»,md  ~ VnX „ 


RhR  m 
ft*  + Rata 


(3) 


At  the  sane  time  the  output  potential  of  the  cascade/st age , which 
works  on  the  logarithmic  section  of  its  amplitude  characteristic, 
i.e.,  with  I/** is  described  by  the  equation 


^nn—  ^ln  -f  1^,  (4) 

where  - the  input  voltage,  with  which  begins  the  logarithmic 

amplitude  characteristic  of  amplifier; 

K o - the  factor  of  amplification  of  cascade/stage  in  linear 
conditions. 


Equalizing  expressions  (3)  and  (4)  and  designating 


it  is  possible  to  find  that  mathematical  dependence,  according  to 
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which  must  change  the  value  of  the  resistor/resistance  of  nonlinear 
cell/element  during  a change  in  the  aaplitmle  of  the  input  signal: 

n U hx.hRh*  ft*  ft H 

U»-xOMXM~-  U„  I _ / 


(5) 

In  order  that  the  amplitude  characteristic  of  amplifier  stage  would 
be  within  some  limits  ideal  logarithmic  curve,  the 

resistor/resistance  of  the  nonlinear  cell/element , connected  in  the 

load  circuit  of  amplifier  instrument,  must  change  its  value  under  the 

action  of  the  applied  signal  according  to  the  dependence,  given  by 

agnation  (f»)  . This  dependence  is  depicted  on  Pig.  d. 

Page  17. 


Pig.  8.  Dependence  of  the  standardized/nocaalized  resistor /resistance 
of  tha  ideal  logari thai zing  cell/eleaent  on  changes  in  the  relative 
amplitude  of  input  signal. 


I 


d 
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Fig.  9.  Dependencs  of  the  resistor/res ist ance  of  some  real  types  of 
diodes  on  voltage. 

CO  *Jl, 
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However  as  has  already  been  indicated  above,  not  one  of  the  existing 
semicond  uc  tor  devices,  utilized  for  purposes  ot  logarithmic 
operation,  do  not  possess  this  characteristic.  The  cha racterist ics  of 
real  nonlinear  instruments  only  approach  the  required  curve  in  more 
or  less  wide  range  of  stress.  This  forces  to  complicate  the  schematic 
of  the  logar  ith  mi  zi  ng  devices  by  the  introduction  of  linear  resistors 
and  by  the  supply  of  constant  bias  voltages  to  nonlinear 
ce  11/p  le  me  nt  s. 

Because  of  ttie  absence  of  the  nonlinear  resistors,  which  possess 
the  guaranteed  by  plant  form  of  dependence  — ((Vi),  with  the 
practical  impls m»n tation  of  the  logarithsic  amplifiers,  constructed 
according  to  the  principle  of  the  shunting  of  load  circuits  as 
nonlinear  celi/elaments,  it  is  necessary  to  have  the  experimental 
taken  curves  of  the  dependence  indicated  for  the  different  types  of 
semiconductor  diodes.  Some  of  such  empirically  obtained  dependences 
are  shown  in  Pig.  9. 


1 


i 
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2.  Frequency  properties  of  nonlinear  cell /elements . 

The  questions,  examined  in  this  section,  can  be  use!  durinq 
development  and  design  of  the  broad  class  of  the  logarithmic 
amplifiers,  made  by  the  introduction  of  nonlinear  cell/elements 
either  into  load  circuit  or  into  the  circuit  of  negative  feedback. 

And  in  that  and  in  other  the  versions  of  the  circuit  of 
logarithmic  amplifier  with  nonlinear  resistors,  the  frequency 
properties  of  the  latter  one  should  consider  at  the  design  of  the 

device,  which  possesses  some  assigned  parameters,  in  particular  if 
the  develop/processed  device  is  intended  for  work  in  the  range  of 
comparatively  high  frequencies. 

The  effectiveness  of  the  nonlinear  cell/eleraents  of  amplifier 
circuit,  such  as  semiconductor  diodes  or  junction  emitter  - the  base 
of  transistors,  descends  in  high-frequency  operation.  This  is 
developed  in  the  fact  that  during  just  one  change  in  the  amplitude  of 
input  signal  the  absolute  limits  of  a change  in  the  value  of  the 
resistor/resistance  of  nonlinear  cell/element  decrease,  therefore, 
and  the  dynamic  range  of  amplifier  at  input  signals  it  is  shortened 
the  more  considerable,  the  higher  the  frequency  of  the  amplified 
signal. 


! 

! 


.L. 


I 
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This  is  explained  by  the  physical  special  feature/peculiarities  of 
p-n  junctions.  As  is  known,  p- n junction  with  a sufficient  deyr ee  of 
accuracy  can  be  represented  by  siapls  equivalent  circuit  - parallel 
connection  of  active  resistor  and  of  capacitor 


Then  the  input  adnittance  of  p-n  junction,  determined  by  the 
ratio  of  the  amplitude  of  the  fundamental  harmonic  of  hiyh -f reyuency 
current  to  the  amplitude  of  the  stress,  which  operates  at  the  input 


/m. 


fa?* 


(6) 


The  nod ule/mod ulus  of  the  value  of  the  resistor/resistance  of 
nonlinear  cell/element  is  determined  as  follows: 


Z I — 1 

H'J,|  V (l,  A.,.)*  + K .,*)*' 


(7) 


The  capacitaaca/capacitf  Cwl  is  dsterainad  by  the 

capacitance/ capaci t y of  the  barrier  layer  of  diode.  It  is  obvious 
that  at  hiyh  frequencies  the  capacitance  of  transition  decreases, 
that  also  causes  the  limit  inferiors  of  a chanye  in  the  modulus  of 
resistance  of  nonlinear  cell/elenent . Duriny  the  study  of  the 
character  of  a chanye  in  the  input  and  output  resistance  is  necessary 


I 

I 


i 

1 


-•  V? 


I 
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to  accept  into  consideration  considerably  acre  factors.  For  example 

n 

by  utilizing  y^-shaped  replaceaent  scheae  (comaon-eaitt  er 

connection),  it  is  possible  to  obtain  [7]  the  following  expressions: 
for  the  input  adaittance 

y _ rr>  + ' + (<“*)*  r«  . 

(rs  + f)*  + (“Vs)'  ' 

I • F (i)xy  i 

1 [ (77+  oJ  + [»</()’  + ‘■Can  + >»CCK  j . (8) 

I 


*bere  x==rCji>  for  the  output  conductance 


y ([;!•)*  o i 

l +(f/l.)'  *K'T~ 

+ / + [ff;)-s«+'»c«  + *cc*[ 


Here  r6  is  the  distributed  resistance  of  base; 


(9) 


r - the  resistor/resistance,  which  considers  the  recombination 
cf  minority  carriers  in  base; 

CA  is  a diffusion  capacitance/capacity; 

Ck,  r„  - the  capacitance/capacity  and  the  resistor/resistance 
of  collector  junction; 


a 

( 


j 
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Cgk.  <'«»  - capacitance/capacity  of  housing  (base)  to 

collector/recmptacle  and  emitter; 

S„  is  slope/tcanscosduct  anco  of  transient  cha rant ar istic  /, 
cut-off  frequency  on  slops/transconductance; 

u is  angular  frequency. 

rage  20. 

The  designed  in  accordance  with  expressions  (8)  and  (8)  values 
V | | and  Y22  sufficiently  closely  coincide  with  experimentally 

m 

measured  over  a wide  ranqe  of  frequencies.  However,  this  calculation 
is  sufficiently  bulky  and  for  practical  use  unsuitable.  From  this 
viewpoint  more  useful  would  be  the  curve/qra phs,  representinq  the 

dependence  of  the  parameters  of  the  different  types  of  the  utilized 
in  equipment  transistors  on  the  operatinq  mode  cn  direct  current  and 
cn  frequency. 


The  dependences  of  the  value  of  the  real  and  imaginary 
components  of  the  entry  impedance  of  the  transistor 

(resistor/re sistances  of  the  junction  of  transistor),  utilized  as  the 
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nonlinear  cell/elament  of  amplifier  circuit,  from  frequency  are  given 
in  Pig.  10.  As  is  evident,  these  dependences  (in  particular  for  a 

real  component)  bear  considerably  more  complex  character,  rather  than 
for  diodes. 

In  order  to  determine  the  frequency  band,  in  which  sufficiently 
effectively  works  as  the  nonlinear  controlled  resistor  the  collector 

junction  of  transistor,  it  is  possible  to  utili2e  results  of  the 
study  of  the  generalized  theoretical  model  of  transistor. 


Pig.  10.  Dependences  of  the  real  and  imaginary  components  of  the 
entry  impedance  of  transistor  on  the  current  of  collector/receptacle 
and  freguency. 

Key:  (1).  Entry  impedance  ohm.  (2).  MHz.  (3).  mA.  (4).  V. 
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The  output  conductance  of  the  generalized  theoretical  model  of 

transistor  (during  short  circuit  in  inpot  circuit)  is  deternined  by 

the  expression 
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Ka=ga(|+/0,81  e). 


(10) 


where  g22  - the  value  of  output  conductance  at  low  frequency; 

e = <u/ <*>_  - the  standardized/noraalized  frequency; 

<*•«  - the  limiting  frequency,  at  which  the  module/modulus  of 
current  amplification  factor  a decreases  to  0.7  maximum  values  a to 
low  frequency. 


To  frequencies  of  the  order  <■'«  the  output  conductance  can  be 
represented  in  the  form  of  parallel  connection  of 

capacitance/capacity  and  the  conductance  whose  values  change  within 
sufficiently  wide  limits  during  insignificant  changes  in  the  voltage 
on  collector /receptacle,  namely; 


8*  = 8*'v"‘*  1 
r _0-81  „•  ' 


(11) 


where  g0  is  the  maximum  value  of  output  conductance  at  zero 
f reque  ncy; 


Uh0  - the  initial  voltage  on  collector/receptacle 


A 
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At  more  high  frequencies  it  is  necessary  to  consider  the  effect 
of  charge  collector  transition  capacitance  (C„)  , connects!  in 
parallel  to  output  conductance,  as  a result  of  which  the  value  of  the 
latter  and  the  course  of  its  dependence  on  control  voltaga 
substantially  change. 


Then  after  the  siaple  conversions 

Y'u=Ytl  + j*Ct  = Y„*C.  (12) 

where  AC  = (1  ♦ jeCo/T**)  - an  increment  in  the  capacitance/capacity, 

equal  at 


j i («aC.  g»  4-  1 ,62«a/  '»)  mC.  ;>c . 

' ,2“w«(l  +0.66.*)  £•  e ’ 


(13) 


with 


Li  ^ <*>0 


AC  = 


(<■>£»/&«  + 2,2t«f,ly-t)  utC, 
2,43teiaU™  St 


(14) 


The  constructed  in  accordance  with  expressions  (13)  and  (14) 
dependence  AC=^(e)  for  data,  that  correspond  to  low-frequency 
transistor  (C0  = 100  pf;  g0  = 2«10“*  1/oha;  /s  = ] HHz),  is  given  in 
Fig.  11.  As  it  follows  from  the  constructed  curve/graph,  the  use  of 
an  output  conductance  of  transistor  as  nonlinear  cell/element  at 
frequencies,  which  exceed  (3-*)  becomes  unsuitable. 


i 
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Furthermore,  some  types  of  transistors  (for  example,  the 
high-f requency  drift  transistors  of  the  type  P4C1-P403  and  others,  to 
them  similar)  are  characterized  by  the  facts  that  in  work  in  the 
range  of  high  frequencies  - on  the  order  of  60-  100  MHz  the  active 
component  of  their  input  admittance  decreases  with  an  increase  of  the 
current  of  emitter,  instead  of  increasing.  The  reactive  component  of 
input  admittance  at  high  frequencies  changes  its  sign. 

This  character  of  a change  in  the  input  admittance  of  the 
transistor  is  caused  by  the  effect  of  the  parasitic  resistance  of  the 
derivations  of  transistor,  which  have  composite  character. 
Specifically,  serious  effect  on  the  depth  of  self-feedback  and, 
consequently,  also  on  the  character  of  a change  in  the  input 
capacitance  of  transistor  exerts  capacita nce/capacity  between  emitter 
and  collector  derivations  and  also  wiring  capacitance 

Capacitance/capacity  fV.  usually  has  value  1 pF,  a c«„„ T - the  order 
of  several  picofarads,  which  is  determined  by  the  design  features  of 
node.  The  effect  of  these  capacitance/capacities  can  be  not 
considered  in  the  amplifiers,  made  on  the  low-frequency 
alloy- junc ti on  transistors,  the  time  constant  of  collector  circuit  of 
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which  is  sufficiently  great.  However,  during  the  use  of 
high-frequency  transistors  with  the  fast  tine  constant  of  collector 
circuit,  order  of  ones  and  dozen  nanoseconds,  neglect  of 
capacitance/capacities  <■< . . and  cN„„T  inadnissibly  one  should  take 
these  or  other  measures  to  the  elimination  of  their  effect  on  the 
parameters  of  amplifiers. 

However,  the  capacit ance/capacit ies  indicated  affect  the 
characteristics  of  nonlinear  resistors  only  on  high  frequencies  (100 
MHz  and  above)  . 

Consequently,  the  frequency  limitations  of  nonlinear  resistors  - 
p-n  junctions  are  developed  mainly  in  a decrease  in  the  limits  of  a 
change  of  the  resistor/resistance  of  nonlinear  cell/element,  i.e., 
value  </),-  i Mur-  This  in  turn,  leads  to  a decreasa  in  the  value 

of  the  dynamic  range  of  amplifier  in  input  signals. 
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Fig.  11.  Dependence  of  the  parameter  &C  on  the 
standa rdized/normalized  frequency. 

Page  2 3. 

3.  Common/general/total  principles  of  the  analytical  study  of 
logarithmic  amplifiers. 

The  fundamental  index,  which  makes  it  possible  to  qualitatively 
rate/estimate  the  effectiveness  of  work  of  logarithmic  amplifier,  is 

the  value  of  dynamic  range  at  input  signals,  determined  mainly  by  the 
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extent  of  the  logarithmic  section  of  amplitude  characte 
by  the  parameters  of  load  circuit  and  by  the  type  of  th 
nonlinear  cell/element.  In  connection  with  this  it  is  n 
derive  the  analytical  expression,  which  would  connect  t 
indices  of  logarithmic  amplifier  with  the  parameters  of 
and  thereby  would  give  possibility  to  find  the  value  of 
from  the  input  signals  of  any  concrete/specif ic/actual 
circuit.  In  this  case  must  be  accepted  two  simplifying 
of  condition. 
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The  first  of  these  conditions  lies  in  the  fact  that  during 
derivation  they  are  limited  only  to  the  determination  of  the  value  of 
dynamic  range  from  input  signals  for  a single  amplifier  stage. 

The  second  condition  is  related  to  the  method  of  the 
estimate/evaluation  of  the  range  of  logarithmic  operation,  i.e.,  the 
limits  of  a change  in  the  value  of  the  resistor/resistance  of 
nonlinear  cell/element.  It  is  known  that  the  dependence  of  the 
.resistor/resistance  of  the  majority  of  contemporary  semiconductor 
diodes  on  the  applied  voltage  sufficiently  closely  coincides  within 
those  or  other  limits  with  the  ideal  exponential  curve,  described  by 
equation  (5).  Therefore  for  the  calculation  it  proves  to  be 
sufficient  to  know  only  the  limits  of  a change  cf  the  value  of  the 
resistor/resistance  of  nonlinear  cell/element  in  the  range  of  the 
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section  of  cha  racteristictf„.v,  “<r(£/>.  close  in  fora  to  exponential,  i.  e. , 
the  value  of  the  resistor/resistance  #».  which  corresponds  to  the 

beginning  of  exponential  section,  and  the  value  of  the 
resistor/resistance  *«.',«»,  which  corresponds  to  the  end/lead  of  the 
exponential  section.  Values  Kr  and  Rm.i.Mua,  necessary  for  the 

calculation  of  concrete/specif ic/actual  circuits,  can  be  aost  siaply 
detemined  in  the  points  of  intersection  of  objective  paraneter  /?„.  - , -=  q ( t/) 
and  the  approximating  curve  — /?„<.•  •«',  The  unknown  values  Rw ,n  for 

the  real  nonlinear  cell/elements,  utilized  during  the  construction  or 
the  logarithaizing  circuits,  can  be  found  on  the  given  above 
experimental  curva  of  dependence  Rwn=*y(UMn) ■ The  aforesaid  is 
illustrated  by  Fig.  12. 

Page  24. 

Since  by  voltage  U,  applied  to  nonlinear  cell/element  and  which 
determine  the  value  of  its  resistor/resistance,  is  understood  the 
intensive  voltage  of  signal,  reaoved  fros  the  resulting  load 
impedance  of  amplifier  instrument 


♦ »*H 


DOC  = 77182902  PAGE  » C 

where  Unl  and  U»u  ere  the  amplitudes  of  the  voltage  of  input  signal, 
which  correspond  to  beginning  and  the  end/lead  ct  the  logarithmic 
section  of  the  amplitude  characteristic  of  cascade/stage; 

T2,  - the  conductivity  of  the  direct  drive  of  amplifier 
instrument ; 


1/0/2,  -f-  l/^iwx+  1/£»ii)  - the  resulting  constant  value 
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The  conductivity  of  the  direct  drive  cf  any  amplifier  instrument 
is  complex  quantity  and  in  general  form  is  determined  as  follows: 

Yn=Gn+jBn,  (16) 

where  G2,=Sy  is  equivalent  slope/transconductance  of  the  transient 
characteristic  of  instrument,  i.e. , dependence  curve  of  the  current, 
which  takes  place  in  the  circuit  of  output  electrode,  from  voltage  on 
input  or  control  electrode; 

B21  is  imaginary  component  of  the  composite  conductivity  of  the 
direct  drive  of  amplifier  instrument,  which  has  usually  capacitive 
character,  i.e.,  B21  = ju»C. 

It  is  not  difficult  to  see  that  at  comparatively  low  frequencies 
cf  component  juC  is  small  in  coaparison  with  Sv  and  it  can  be 
disregarded,  in  connection  with  this  y,,«Sv.  Then  for  the  initial  and 
finite  segments  of  logarithmic  amplitude  characteristic  it  is 
possible  respectively  to  write: 

^HCJi.MaKc^fpt  (U •xlSyZn.w*) 

■/?HeJt.Mmi  = <P2(^BX2'SyZil  ;>K»)  • 

For  convenience  in  the  calculations  of  value  R„en. n»*c  and  fliiejiM,™  one 


should  determine  in  unity  ZH. JK,,  namely: 

Rnti i.mnc  = 


Furthermore,  for  determining  the  dynamic  range  of  amplifier  stage 
from  input  signals  it  is  necessary  to  utilize  value 

d H =1  :=  (18) 

characterizing  the  liaits  of  a change  of  the  resistor/resistance  of 
nonlinear  cell/elament  in  the  range  of  the  exponential  section  of 
static  characteristic,  and  it  is  also  necessary  to  know  the 

1 ^S1,1* n J 

permissible  liaits  of  a change  in  the  output  voltage  of  cascade/stag^T 
and  Ubux.k,  which  correspond  to  beginning  and  the  end/lead  of  the 
logarithaic  section  of  amplitude  characteristic.  The  relation  of 
these  voltages  determines  the  value  of  the  dynamic  range  of 
cascade/stage  according  to  the  output  signals 

d»Vxi  = Um  hi.k/^iui.h-  (19) 


Now  it  is  possible  to  pass  to  the  derivation  of  the  unknown 
expression  for  the  simplest  nonlinear  cascade/stage,  equivalent 
circuit  of  which  is  depicted  on  Fig.  13. 


Page  26. 

This  circuit  is  real  both  for  electron- tu be  and  for  transistor 
amplifier  stages.  Then  in  accordance  with  the  theorem  about 
equivalent  generator  can  be  determined  isolating  on  nonlinear 


Cl 


A 
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cell/element  stress,  which  is  the  output  voltage  of  the 
cascade/stage : 

Zn.wRurM 


U Kklli  — SJJ 


(20) 


where 


2h.WI  = 1/(1  iz  nijx  + 1/Z|1+  \/Znx)  ■ 


Pro*  expression  (20)  it  follows  that  for  determining  the  value 
of  the  dynamic  range  of  amplifier  stage  fro*  input  signals  (dnx i)  it  is 
necessary  to  know  the  type  of  nonlinear  cell/elements  - diodes,  more 
precise  the  law  of  a change  of  the  resistor/resistance  of  nonlinear 

cell/element  depending  on  the  applied  to  it  voltage  =q>(t/),  and  the 
value  of  load  impedance  After  substituting  into  expression  (20) 

of  value  fliieji.Maitc  and  determined  in  accordance  with  (17),  it 


is  possible  to  find  values  and  (/BbIXK,  the  characteristic  limits 


of  a change  in  the  amplitude  of  the  output  voltage; 

It  C ll  Zh.oi;ii&iZh.ok«  or;  v 

u + -*yu **■»*»■  »*»  r+T,  • 

II  C //  ZH.«n»fraZ  ».»»■  or;  7 

““•K— Zi|ii  + 6iZ,  w , + 6j- 


(21) 
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Fig.  13.  Equivalent  circuit  of  the  simplest  nonlinear  cascade/stage. 


Page  27. 


it  is  possible  to  find  the  value  of  the  relation  U,x.«JUm x.«, 
which  determines  the  extent  of  the  logarithmic  section  of  the 
amplitude  characteristic  of  cascade/stage,  i.e.,  its  dynamic  range 
from  input  signals. 


On  the  basis  of  the  obtained  above  relationship/ratios  can  be 
written  following  expression  for  determining  dynamic  range  from  the 
input  signals: 
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0i  1 + 0, 
0,  1 + 0,- 


(22) 


Utilizing  expression  (18)  and  passing  to  logarithmic  units,  we  obtain 
the  expression,  which  can  be  used  for  the  practical  calculations: 


l/uvi  - 


20  lg  f 


uni!. 


I + ) *, 


* + l fc 


;]• 


<JB. 


(23) 


Expression  (23)  makes  it  possible  to  connect  the  fundaaental 
quantitative  indices  of  amplifier  stage  {d*Xi  and  d«um)  with  the 
parameters  of  load  circuit,  and,  furthermore,  it  makes  it  possible  to 
rate/estimate  the  effect  of  fixed  resistors  of  load  circuit  on  the 
effectiveness  of  the  action  of  nonlinear  cell/element.  This  is 
illustrated  by  Fig.  14-18,  where  are  depicted  the  families  of 
curve/graphs  = dr.),  constructed  in  accordance  with  (23)  for 

different  Tallies  It  is  not  difficult  tc  see  that  the  constructed 

curves  make  it  possible  to  give  the  quantitative  estimate/evaluation 
of  a change  in  the  value  of  the  dynamic  range  of  cascade/stage  in 
input  signals  depending  on  the  value  of  the  resistor/resistance  of 
the  load  circuit  of  amplifier  cell/elesent  |^h.w*|  and  on  the 
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properties  of  nonlinear  cell/eleaent  ( dR ). 

By  analyzing  the  constructed  curve/graphs,  it  is  possible  to 
make  the  following  conclusions: 

1.  The  extent  of  the  logarithmic  section  cf  amplitude 

characteristic,  that  determines  the  value  of  the  dynaaic  range  of 
cascade/stage  according  to  output  signals  will  be  the  greater, 

the  more  considerable  the  degree  of  a change  in  the 

resistor/resist ance  of  nonlinear  cell/eleaent  (i.e.  the  greater  value 
dn). 

2.  Value  dnxi  depends  to  a considerable  extent  on  the  constant 

value  resistor/resistance  of  load  circuit  Set/assuaing  for 

simplif  icatioa  R„e.i  Mim=const,  we  obtain,  that  with  saall  values  ZB3KB 
(i.e.  with  1/b  ^ 1.0,  that  corresponds  to  the  case  of  amplifier  with 
relatively  wide  passband)  the  dynamic  range  in  input  signals  is  small 

and  in  practice  it  does  not  depend  on  the  parameters  of  nonlinear 
cell/element  (there  is  in  form  the  paraaeter  dH). 


K«y:  (1).  dB. 
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This  can  be  explained  by  the  facts  that  the  fixed  resistor  of  load 
circuit,  which  has  low  value,  strongly  shunts  nonlinear  cell/element, 
lowering  thereby  its  effectiveness.  With  the  high  values  of 
resistor/resistance  Z„M(U  (i.e.  in  narrow- band  axplifier)  the  shunting 
of  nonlinear  cell/element  insignificantly,  thanks  to  which  the 
dynamic  range  of  amplifier  at  input  signals  substantially  grow/rises 
and  is  determined  exclusively  by  the  properties  of  nonlinear 
cell/element,  i.e.,  by  the  value  of  the  parameter  t/K.  as  can  be  seen 

[ Zn.w.t 

from  the  presented  curves,  value  dnx(  narrow-band  amplifier  froa  vaTui^ 
in  practice  does  not  depend,  and  this  is  confirmed  by  the  facts  that 

beginning  with  1/b2  > 10-20  curves  rf»x.  = »|’(I/hj;dB)  go  alaost  in  parallel 
to  the  axis  of  abscissas. 

The  presented  in  Pig.  14-18  curve/graphs  not  only  make  it 
possible  to  examine  in  general  form  of  the  special 

feature/peculiarity  of  work  of  the  logarithmizing  cascade/stage,  but 
also  they  make  it  possible  to  the  certain  degree  to  simplify 
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engineering  scheme. 

The  obvious  advantage  of  the  proposed  calculation  method  is  that 
at  its  base  lie/rest  the  curve/graphs  (Fig.  14-18),  constructed 
irrespectively  of  to  the  concrete/specific/actual  type  of  amplifier 
cell/element  (it  can  be  tube  or  transistor),  to  the  form  of  the 

circuit  of  interstage  coupling  circuit  (aperiodic  or  oscillatory)  and 
the  type  of  the  used  nonlinear  cell/element. 

Engineering  a logarithmic  amplifier  of  the  type  in  question  can 
be  carried  out  as  follows: 

1.  We  find  the  value  of  the  resistor/resistance  of  load  c i rc u it  V' 
we  determine  by  usual  methods  the  factor  of  amplification  of 

cascade/stage  and  the  width  of  its  passband. 

2.  Is  selected  the  type  of  nonlinear  cell/element  and  is 
determined  according  to  its  characteristics  of  value  /?mnManc.  Whmm™,  dR, 

and  also  value  J — . 

Rnca.wm  ’ 

3.  We  are  assigned  by  value  d^i  (or  we  determine  it  from 

expression  D»bix=n  in  A'0+  I). 


4.  Through  curve/graph,  to  the  corresponding  selected  value  da UXi, 
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The  proposed  method  of  the  analytical  study  of  logarithmic 
amplifier  with  the  shunting  of  load  in  terms  of  nonlinear 
cell/elements  differs  from  the  described  in  the  appropriate 
literature  methods  first  of  all  by  its  simplicity,  which  does  not 
affect  the  accuracy  of  the  calculation.  In  this  case  complex 
theoretical  positions  are  led  to  simple  formulas  and  the  convenient 
in  use  curve/graphs,  which  make  it  possible  to  produce  actually  the 
synthesis  of  amplifier.  It  is  necessary  to  note  that  the  basic 
condition/positions  of  this  calculation  method  are  universal  and  can 
be  used  not  only  in  logarithmic  amplifiers  of  the  type  in  question, 
but  also  in  circuits  with  nonlinear  feedback,  or  in  other  devices  of 
those  containing  the  nonlinear  cell/elements  whcse 

resistor/resistance  changes  under  the  effect  either  of  the  amplified 
signal  or  signal  KGCCA^J. 

In  the  subsequent  sections  conducted  analytical  investigation  of 
the  amplifier  circuits,  which  contain  the  more  complex  types  of  the 

logarithm  zing  circuits,  rather  than  the  antiparallel  connections  of 
two  semiconductor  diodes. 


DOC  = 77182903  PAGE 

& 

Pa  ge  3 5. 

h.  Evaluation  of  the  action  of  the  resistor/resistance  of  linear 
resistor  on  the  value  of  the  dynamic  range  of  cascade/stage  at  input 
signals. 

For  deteraining  the  degree  of  the  effect  of  the 
resistor/resistance  of  the  linear  resistor,  introduced  into  the 
logacithai zing  circuit,  on  the  value  of  the  dynamic  range  of 
aaplifier  stage  from  input  signals  it  is  necessary  first  of  all  to 
write  the  appropriate  analytical  expression  [derivation  of  this 
expression  is  analogous  to  the  derivation  of  expression  (23)  ].  Tn 
accordance  with  the  presented  in  the  preceding/previous  section 
procedure  of  study  it  is  assumed  that  the  resistor/resistance  of  the 
logar ithmizing  circuit,  which  consists  of  series-connected  nonlinear 
cell/element  and  linear  resistor,  varies  from 

ft l 


'1 


to 
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ft  2 — ftur.i  \firfi  "f*  ft. mu 

(in  the  beginning  and  end/lead  of  the  lcgarithaic  section  of 
amplitude  characteristic  respectively).  Then,  ty  utilizing  a general 
■ethod  of  the  analysis  of  amplifier  circuits  with  nonlinear  load,  it 

is  possible  to  write  expression  for  deteraining  the  dynamic  range  of 
anplifier  stage  froa  input  signals. 


It  takes  the  fora: 


d nxi  — d 


HU.1T 


+ p *-•)  10  +P)  bt  + |] 
( 1 + /T  l<i)  I ( I + 


(24) 


Here 


P = ft:nJR,i. 


Formula  (24)  can  be  rewritten  in  the  fora 

Y _ TW <«*«  + AM  1(1  +/’)/>.+  ! I 

(I  + /’  Mill  4*  /’)  bt  -f-  </w| 

where  y is  the  value,  which  deter aines  the  coapression  ratio  of  the 
dynaaic  range  of  signal  of  logarithaic  cascade/stage. 

From  the  givan  formulas  it  follows  that  with  an  increase  of  the 
resistor/r esistance  of  linear  resistor  (or  parameter  p)  the  value 

of  the  dynanic  range  of  aaplifier  stage  in  input  signals  decreases. 
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Physically  this  rasult  is  explained  by  the  tacts  that  the  linear 
resistor,  in  any  Banner  introduced  into  the  logarithai zing  circuit, 
in  particular  connected  in  series  with  nonlinear  cell/elenent, 
attenuate/weakens  the  effect  of  the  latter  on  the  characteristics  of 
schematic.  In  this  case  decreases  the  nonlinearity  of  amplitude 
characteristic  and  decreases  the  dynamic  range  of  amplifier  in  input 
signals. 

This  can  be  illustrated  by  the  design  charts  of  the  dependence 
of  the  contraction  coefficient  of  the  dynamic  range  of  signal 
,/|  of  changes  in  the  parameters  of  load  circuit,  namely:  from  value 
\lbi=RJRW;V>„„„  p = R.„,„!R*&. nd  the  type  of  nonlinear  cell/element  (i.  e.  the 

parameter  d„),  constructed  in  accordance  with  expression  (25)  in  Fig. 
19. 

Page  36. 


Character  the  presented  in  Fig.  19  curves  can  be  explained  as 
follows.  With  the  low  values  of  the  resistor/resistanca  of  linear 
resistor  i.e.,  at  p < 0.01,  the  value  of  the  dynamic  range  of 

amplifier  in  input  signals  (d,tl),  more  precise  than  the  contraction 
coefficient  (7),  in  practice  does  not  depend  on  changes  p and  is 
determined  exclusively  by  the  relationship/ratio  of  values  «„ 
constant  load  impedance  and  - the  resistor/resistance  of 
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nonlinear  cell/ela lent.  But  at  the  large  values  of  p value  7 is 
determined  by  two  oppositely  operating  factors  whose  action  with 
specific  ratios  between  then  is  such,  that  the  contraction 
coefficient,  beginning  with  certain  value  of  the  parameter  1/b2, 
begins  to  decrease,  that  also  it  is  possible  to  see  on  the  presented 
curve/graphs.  In  connection  with  this  during  the  design  of  real 
logarithmic  amplifier  it  is  very  important  to  know  such  values  1/b2 
and  p,  when  value  7 is  close  to  aaxiaua. 


Pigure  20  depicts  the  curves  of  the  dependences  of  relation 
\/b2=Zn/Rnc.i.>in„j  Y=^»x.7^BW!ti=Y»aKo)^value  p-  Curves  are  constructed  as 
follows.  By  equalizing  the  derivative  dy/d  (1/t2)  zero,  from  the 
obtained  thus  eguation 


^-",=0 


it  is  possible  to  find  the  values  1/b*,  which  correspond  to  the 
aaxiaua  contraction  coefficient  7 at  this  value  of  p.  The  practical 
value  of  the  presented  in  Pig.  19  curve/graphs  lies  in  the  fact  that, 
by  using  then,  it  is  possible  to  deteraiqe  those  parameters  of  the 
logarithai zing  circuit,  by  which  in  each  cascade/stage  is  provided 
the  aaxiaua  value  of  dynaaic  range  at  input  signals. 
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Fig.  19.  Dependence  of  the  contraction  coefficient  of  dynamic  range 
of  the  parameters  of  amplifier  circuit. 

Page  37. 

Consequently,  during  the  construction  of  multistage  logarithmic 
amplifiers  are  open/disclosed  the  ways  cf  the  achievement  of  the 
required  parameters  at  the  minimum  number  of  nonlinear 
cascade/stages.  The  obtained  by  calculation  data  are  confirmed  by  the 
results  of  eiperimental  check  (Fig.  21).  The  experimental  curves 
(amplitude  characteristics  of  single-stage  transistor  logarithmic 
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Fig.  21.  Amplitude  characteristics  of  nonlinear  amplifier. 

1 


Key:  (1).  HHz.  (2).  ohm. 


Page  38. 


In  conclusion  it  is  necessary  to  note  that  to  the  dynamic  range 
of  amplifier  at  input  signals  exerts  influence  not  only  the  extent  of 
the  logarithmic  section  of  the  volt-ampere  characteristic  of  the 
nonlinear  cell/element,  which  shunts  load*  but  also  the  nonlinearity 
of  amplifier  instruments  - transistors  (see  §11).  Therefore  it  is 
possible  to  assert  that  the  true  value  of  the  dynamic  range  of 
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amplifier  stage  fro*  input  signals  is  determined  by  the  following 
expression : 

rf'ni=4iKW.  (27) 

where  I is  the  d ynaaic  range  of  cascade/stage  at  input  signals, 
caused  by  the  action  of  nonlinear  cell/eleaent ; 

Ad  - the  increaent  in  the  dynaaic  range  at  input  signals,  caused 
by  the  effect  of  the  nonlinearity  of  the  static  characteristics  of 
aaplifier  transistor. 

By  calculation  to  deteraine  value  Ad  is  sufficiently  difficult 
in  view  of  the  complexity  of  analytical  expressions.  Experimental 
data  show  that  an  increase  in  the  dynaaic  range  in  input  signals 
because  of  the  effect  of  the  nonlinearity  of  transistors  (Ad)  reaches 
by  6-10  dB. 

furthermore,  the  presence  in  the  coaposition  of  the 
logac ithaizing  circuit  of  linear  resistor  has  a definite  effect  on 
the  degree  of  the  coincidence  of  real  aaplitude  characteristic  with 
ideal  logarithaic  law.  However,  the  analytical  determination  of  a 
change  in  the  accuracy  of  logarithaic  amplitude  characteristic  turns 
out  to  be  iapossible.  This  is  explained  by  the  facts  that  as 
nonlinear  cell/eleaents  are  utilized  the  not  fitted/not 
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adapted/unadapted  for  purposes  logarithaic  operations  semiconductor 
diodes,  and  also  by  considerable  technological  scatter  of  the 
characteristics  of  the  latter.  Therefore  both  determination  of  the 
accuracy  of  logarithaic  aaplitude  characteristic  and  the  effect  of 
linear  resistor  can  be  determined  only  by  empiricism. 

Fage  39. 


5.  Diagram  with  nonlinear  divider/denoainator. 

The  logarithaic  amplifiers,  constructed  with  the  application/use 
of  the  simplest  diagrams  of  nonlinear  compression  (Fig.  22),  Jo  not 
make  it  possible  to  ensure  the  significant  magnitude  of  dynamic  range 

at  input  signals  and  have  amplitude  characteristics,  with  small 
degree  of  accuracy  coinciding  with  ideal  logarithmic  curve.  This  is 

explained  by  the  facts  that,  in  the  first  place,  the  extent  of  the 
nonlinear  section  of  the  volt-ampere  characteristic  of  ths  majority 
of  the  Soviet  semiconductor  diodes,  used  as  nonlinear  resistors,  is 
comparatively  small  (coefficient  </„  = 3 + 5);  in  the  second  place,  the 
nonlinear  sections  cf  volt-amperes  characteristic  have  essential 
deviations  from  ideal  logarithmic  curve;  thirdly,  parameters  of 
semiconductor  dioies  (in  particular  on  initial  - nonlinear  section) 


In  order  to  reaove  (or  at  least  to  reduce  to  a minimum)  the 
effect  of  the  def iciency/lacks  indicated,  and  consequently , to 
increase  the  dynaaic  range  of  aaplifier  in  input  signals  and  to  raise 
the  accuracy  oZ  logarithaic  amplitude  characteristic,  can  be 
recommended  completely  determined  circuit  solution. 


/ 


Pig.  22.  Simple  circuits  of  logarithaic  aaplifier.  a)  amplifier 
circuit  for  the  signals  of  positive  polarity;  b)  amplifier  circuit 
for  the  signals  of  negative  polarity. 


Kay:  (1).  Aaplifier  cell/eleaent.  (2).  Power  supply. 
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Page  40. 


It  is  comprised  in  the  complication  of  the  logarit hmiz ing  circuit  by 
the  introduction  of  linear  resistors  (see  §1)  or  by  its  execution  in 

t 

the  form  of  the  resistive  four-pole,  the  transmission  factor  of  which 
changes  depending  on  of  input  signal  level  according  to  the  necessary 
law. 


The  simplest  and  sufficiently  widespread  method,  which  makes  it 
possible  to  solve  the  tasks  indicated,  is  the  switching  on  of 

nonlinear  cell/element  as  one  of  the  arms  (in  this  case  - parallel) 
cf  the  resistive  voltage  divider.  As  can  be  seen  from  the  given  in 
Fig.  23a  electrical  circuit  of  logarithmic  cascade/stage  with 
nonlinear  divider/denominator,  the  loga rithmizing  circuit  is  the 
passive  network,  the  transmission  factor  of  which  depends  on  signal 
level. 


We  examine  this  circuit  for  the  purpose  of  the  explanation  of 
its  possibilities  in  the  relation  to  the  value  of  dynamic  range  at 
input  signals. 
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Fig.  23.  Circuits  of  nonlinear  cascade/st  age  with  the  voltage 
divider,  a)  generalized;  b)  is  equivalent. 


Key:  (1).  Amplification  cell/elenent.  (2).  Output/yield;  (3).  Input 
(4).  Power  supply. 


t 


DOC  = 77102903  PAGE 

yi 

Page  4 1. 

By  utilizing  the  eguivalent  circuit  of  nonlinear  amplifier 
stage,  depicted  on  Fig.  23b,  it  is  possible  to  find  output  voltage 
from  the  following  formula: 


where  Y?I  is  conductivity 
instrument ; 


II  V I!  ZuRucX 

“s  za  + + IrZ, 7’ 


(28) 


of  the  direct  drive  of  amplifier 


Z"  ~ the  resistor/resistance  of  the  load  circuit  of  amplifier 
instrument ; 

R»en  - the  resistor/resistance  of  the  symmetrical  nonlinear 
cell/element,  carried  out  in  the  form  of  the  antiparallel  connection 
of  two  semiconductor  diodes; 

Rzcnis  resistor/resistance  of  the  fixed  resistor,  connected  in 
the  consecutive  arm  of  the  voltage  divider. 

Rmn 

For  convenience  in  the  further  calculations  one  should  determine^ 
and  Rnen  in  units  Zu,  namely: 


Rne.i  = rtZn, 
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where  n is  any  positive  number; 

•^?iicji  = bZ  ii, 

where  coefficient  b varies  from  b1#  the  corresponding  to  beginning 
exponential  section  of  static  characteristic  RiKn=<f{U)  the  diode,  to  b2 
which  corresponds  to  the  end/lead  of  this  section. 

The  value  of  the  output  voltages,  which  correspond  to  beginning 
and  the  end/lead  of  the  logarithnic  section  of  amplitude 
characteristic,  are  respectively  equal  to; 


Uvu*  = Y»U, 

Ul'MX,2  — Y nU„xa 


b\7.n 


bim  # *1  B*i  l +n  + bx  ' 
bjZn 

1 -f-  n + b2 


(29) 


Hence  it  is  possible  to  find  the  dynanic  range  of  amplifier  stage 
fron  input  signals.  Its  value  is  determined  from  the  following 
ex  pression: 

, Uix,  Uml  l fcl  ' + n + ^3  

a'*<  — tTT^-bnuxi  6 , l+n  + 6. 

1+4^ 


1 + n 
dK  + b, 


— dfmxi^K 


(30) 
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Directly  from  the  analysis  of  the  obtained  expression  it  is  possible 
to  be  convinced  of  the  fact  that  the  circuit  of  logarithmic 
operation,  carriel  out  in  the  form  of  the  nonlinear  voltage  divider, 
provides  wider  dynamic  range  at  input  signals,  than  simple  circuit 
(Fig.  22). 

Pa  ge  42. 

As  it  follows  from  curves,  constructed  according  to  expression 
(23)  in  Fig.  14-18,  value  increases  with  an  increase  in  the 

parameter  1/b2.  In  expression  (30)  value  is  determined  by 

parameter  1 ♦ n/b8,  i.e.,  other  conditions  being  equal,  dynamic  range 
for  input  signals  the  amplification  cascade/stage  with  nonlinear 
divider /denominator  in  load  circuit  it  will  be  the  greater,  the 
greater  the  value  of  the  resistor/resistance  of  resistor  Rx***nZ„. 


this  increase  */»>.  can  be  explained  by  the  facts  that  the  transmission 
factor  of  nonlinear  four- pole  - the  resistive  dividet/denomina tor  of 
the  voltage,  input  of  which  enters  the  amplified  signal,  always  less 


than  unity.  Therefore  in 
weakening  of  the  voltage 
powerful  the  signal,  and 
of  logarithmic  operation 


divider/denominator  occurs  the  supplementary 
of  signal,  whereupon  the  greater,  the  more 
therefore  occurs  the  expansion  of  the  region 
to  the  more  considerable  signal  levels. 
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It  is  clear  that  as  in  this  case  for  determining  value  it  is 

possible  to  use  the  curve/graphs,  presented  in  Fig.  14-18.  Only 
instead  of  the  coefficient  1/b2  one  should  substitute  (\+n)fbi. 

During  the  construction  of  practical  amplifier  circuits  it  is 
necessary  to  keep  in  mind  that  the  execution  of  the  logari thmizing 
circuit  in  the  form  of  the  nonlinear  voltage  divider  not  always  makes 
it  possible  to  obtain  large  gain  in  the  relation  to  value  d »%:  in 
comparison  with  simple  circuit.  It  is  possible  to  show  that  the 
degree  of  an  increase  in  the  dynamic  range  in  input  signals  in 
circuit  with  divider/denominator  first  of  all  depends  on  the 
properties  of  the  used  nonlinear  cell/ele ment,  in  particular  on  the 
value  of  the  parameter  1/b2.  Actually,  the  lesser  value  Rwri  i.  e. , 

than  more  1/b2,  with  the  facts  to  a lesser  degree  it  changes  the 
transmission  factor  of  divider /denominator  with  a change  in  value  n. 
This  can  be  illustrated  by  the  graph/diagrams  of  dependence= 

1 //>2:  dH),  presented  in  Fig.  24-27.  By  examining  curve/graphs,  it  is 
possible  to  make  the  conclusion  that  the  application/use  of  a 
nonlinear  divider/denominator  turns  out  to  be  more  effective  in  the 
wideband  amplifiers:  the  wider  the  passband,  that  the  more  caused  by 
divider/denominator  increase  dvxi  as  compared  with  circuit  without 
divider/denominator.  This  is  explained  by  the  facts  that  in  the 
circuit  in  question  the  nonlinear  cell/element  is  shunted  not 
directly  by  the  resistor/resistance  of  load  circuit  Z„,  but  by  total 
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resistance  Z„  + R„.i  = Z„  ( 1 4- n) . 

Page  4 3. 

It  is  clear  that  than  more  /?;,<..•>.  that  tc  a lesser  degree  is  lowered  the 
effectiveness  of  the  logacitheizing  cell/element  because  of  shunting 
by  its  fixed  resistor  and  the  greater  the  extent  of  the  logarithmic 
section  of  amplitude  characteristic.  With  respect  increases  the  value 
of  the  dynamic  range  of  amplifier  at  input  signals.  Furthermore, 
introduction  into  the  circuit  of  resistor  Rne,i  somewhat  decreases  the 
currents,  which  take  place  through  diodes;  as  the  final  result  this 
contributes  to  an  increase  in  the  reliability  of  the  logar it hmizing 
circuit  and  entire  amplifier  as  a whole. 


i 


PAGE 
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the  results  of  the  calculation  - the  curves  of  dependences 

y («'.  l/ha;  dR) 

A in  Pig.  24-27  - shou  that  during  the  introduction  of 


nonlinear  di vider/denoninator  into  the  circuit  of  amplifier  stage  it 
is  possible  to  expect  an  increase  in  the  dynaaic  range  of 
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it  is  possible  to  attain  even  larger  growth  daxi.  However,  this  one 
should  wake  two  reasons. 


First  of  all,  with  n > 5-7  degree  of  an  increase  in  the  dynamic 
range  of  cascade/stage  in  input  signals  with  an  increase  o f n is 
considerably  less  than  at  the  low  values  of  n. 
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In  the  second , an  increase  in  the  fixed  resistor  of  d ivider  (Rae.i) 
leads  to  a decrease  in  the  output  voltage  of  cascade/stage.  From  the 
viewpoint  of  an  increase  this  property  of  the  circuit  in  guest  ion 

is  as  has  already  been  indicated  above,  advantage,  since  it  makes  it 
possible  to  expand  the  limits  of  logarithmic  operation  into  the  field 
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of  the  considerable  signal  levels  and,  therefore,  makes  it  possible 
to  raise  the  upper  limit,  with  which  occurs  the  overloading  of 
cascade/stage.  But  during  the  amplification  of  the  small  due  to 
amplitude  voltages,  when  is  not  required  any  weakening  of  the 
amplified  signal,  the  presence  of  divider /denominator  leads  to  a 
decrease  in  the  sensitivity,  whereupon  the  greater,  the  greater  the 
degree  of  division,  i.e.,  the  greater  value  n. 
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Page  46. 

The  aforesaid  is  illustrated  by  the  given  in  Fig.  28-31 
graph/diagrans  of  the  dependence  of  the  standardized/norma lized 
output  voltage  fran  the  parameters  of  amplifier  circuit 

U Bhix.il  !Y 2\Znll tiX.w  — l/^2>  <M- 


Therefore  during  the  construction  of  the  nultistage  logarithmic 
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Page  4 7. 

In  conclusion  to  note  which  on  the  curve/graphs,  presented  in 
Pig.  by  24-31,  it  is  possible  comparatively  simply  to  produce  the 
calculation  of  amplifier.  Specifically,  by  Knowing  the  value  of  the 
load  of  amplifier  Z„,  the  type  of  the  used  nonlinear  cell/element, 
dynamic  range  on  output  voltage  and  also  value  « = which 

characterizes  the  degree  of  the  division  of  voltage,  on  curve/graphs 


1J 
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it  is  possible  to  determine  the  contraction  coefficient  of  the 
dynamic  range  of  the  amplified  signal  or  the  dynamic  range  of 
cascade/stage  in  input  signals. 

6.  Special  feature/peculiarities  of  the  execution  of  the  circuit  of 
transistor  logarithmic  amplifier. 


As  it  was  shown  above,  nonlinear  cell/element  has  the  maximum 
effectiveness  only  when  it  insignificantly  is  shunted  by  the 
resistor/resistance  of  the  load  circuit  of  amplifier  instrument. 
Consequently,  for  obtaining  a maximally  possible  value  of  the  dynamic 
range  of  logarithmic  amplifier  with  input  signals  necessary  to 
increase  fixed  resistor  value  loads,  that  shunts  nonlinear 
cell/element.  Therefore  mill  increase  the  extent  of  the  logarithmic 
section  of  the  amplitude  characteristic  (and,  consequently,  the  value 
cf  dynamic  range)  of  both  of  each  separate  cascade/stage  and  entire 
amplifier  as  a whole. 

If  in  vacuum-tube  amplifiers  an  increase  in  the 
resistor/resistance  value  plate  load  it  is  virtually  the  only 
measure,  which  makes  it  possible  to  decrease  the  degree  of  the 
shunting  of  nonlinear  cell/element  by  the  effective  resistance  of 
linear  networks,  then  in  transistor  amplifiers  it  is  necessary  to 
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bear  in  mind  several  such  resistor/resistances.  They  include:  the 
output  resistance  of  amplifier  transistor,  the  resistor/resistance  of 
the  resistor  of  load  in  the  circuit  of  collector/receptacle  and  the 
entry  impedance  of  the  subsequent  cascade/stage,  which  has 
sufficiently  small  value,  especially  if  the  transistor  of  the 
subsequent  cascade/stage  is  included  according  to  common-base  circuit 
(order  of  hundreds  or  dozen  ohm).  The  presence  in  the  composition  of 
the  load  circuit  of  the  amplifier  cell/element  cf  several  fixed 
resistors,  the  values  of  resistor/resistances  of  which  are 
independent  one  from  another,  leads  to  the  serious  complication  both 
cf  the  process  of  the  tuning  of  logarithmic  amplifier  and  its 
electrical  circuit. 

Page  48. 

In  the  general  case  during  the  tuning  of  transistor  logarithmic 
amplifier  it  is  necessary  to  perform  three  independent  operations, 

which  facilitate  an  increase  in  the  effectiveness  of  nonlinear 
cell/element.  Host  important  of  these  operations  is  that,  that  makes 
it  possible  to  remove  by-passing  the  entry  impedance  of  the 
subsequent  cascada/stage.  This  resistor/resistance  it  has  in 
comparison  with  other  components  of  the  total  resistance  of  load 
circuit  the  lowest  value  and  on  the  strength  of  this  to  the  greatest 
degree  lowers  the  effectiveness  of  the  action  of  the  logarithmizing 


•i' 
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cell/element  during  the  direct  connection  of  amplifier  stages. 

The  task  indicated  can  be  solved  in  the  best  way  by  means  of 
failure  of  the  direct  connection  of  nonlinear  amplifier  stages  and 
introduction  into  the  circuit  of  cascade/stage  - between  the 
loga rithmi zi ng  circuit  and  the  transistor  of  the  subsequent 
cascade/stage  - the  separating  matching  cell/element  with  high  input 
and  low  output  resistance.  As  this  cell/element  is  applied  the 
emitter  follower  or,  more  precise,  cascade/stage  with  the  switching 
on  of  transistor  according  to  common-collector  connection; 
conventional  designations  of  this  circuit  "OK".  In  this  case 
nonlinear  cell/element  is  shunted  by  the  high  entry  impedance  of 
emitter  follower,  determined  following  known  expression  (on  the  basis 
of  the  representation  of  transistor  in  the  form  of  T-shaped 
replacement  scheme)  ; 

(Afr. 0..., IM'V!  II.,),  (32) 

where  rr,  is  the  distributed  resistance  of  base; 

r.  - the  resistor/resistance  of  emitter  junction; 

- the  resistor/resistance  of  resistor  in  emitter  circuit; 

<•  i*.  a factor  of  amplif ication  of  transistor  in  current. 
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On  the  basis  of  the  aforesaid  it  is  possible  to  propose  the 
following  construction  of  the  cascade/stage  of  logarithmic  amplifier, 
illustrated  by  circuit  diagraa  depicted  on  Fig.  7.  As  can  be  seen 
from  figure,  the  logar ithmizing  cascade/stage  must  consist  of 
strictly  amplifier  stage,  nonlinear  cell/element  (or  in  the  general 
case  from  more  complex  than  nonlinear  value)  and  emitter  follower  - 
the  decoupler,  to  output/yield  of  which  is  connected  the  input  of  the 
following  logar ithmizing  cascade/stage,  carried  out  according  to 
analogous  circuit. 

Page  49. 

In  the  multistage  logarithmic  amplifier,  all  cascade/stages  of  which 
are  carried  out  in  accordance  with  the  proposed  circuit,  there  can  be 
comparatively  easily  they  will  achieve/reach  wide  dynamic  range  at 
input  signals,  i.e.,  is  provided  the  sufficiently  high  effectiveness 
cf  logarithmic  operation. 

A def iciency/lack  in  the  proposed  method  of  the  construction  of 
the  logar ithmizing  amplifier  is  that  the  factor  of  amplification  of 
emitter  follower  in  voltage  is  less  than  unity.  This  deficiency/lack, 
which  leads  to  the  determined  weakening  of  the  amplified  signal. 


DOC  = 77182903 


PAGE 

<ll 


acquires  special  importance  if  necessary  to  have  for  the  composition 
of  receiver  the  logarithmic  amplifier,  which  possesses  considerable 
amplification  in  linear  conditions  and  the  smallest  possible  overall 
sizes.  With  very  stringent  requirements  for  weight  and  overall  sizes 
of  the  develcp/processed  assemblies  the  introduction  into  the 
logar ithmi zing  cascade/stages  of  emitter  followers  enters  into 
contradiction  with  the  requirements  indicated,  since  twice  increases 
the  number  of  active  elements.  Furthermore,  emitter  followers  have 
Foor  frequency  properties,  which  impedes,  and  now  and  then  generally 
makes  impossible  their  application/use  in  wideband  amplifiers  or  in 
the  amplifiers,  inclined  for  comparatively  high  frequencies. 

In  connection  with  this  as  the  untying  cell/element  is 
represented  more  advisable  to  utilize  the  cascade/stage,  carried  out 
with  the  switching  on  of  transistor  according  to  common-emitter 
connection,  but  when  are  accepted  the  measures  to  an  increase  in  the 
entry  impedance  of  this  cascade/stage.  This  car  be  reached  by  known 
reception,  namely:  by  the  inclusion  into  the  emitter  circuit  of  the 
amplifier  transistor  of  supplementary  resistor  R3  (Fig.  3 2).  Then 
the  entry  impedance  of  cascade/stage  is  determined  from  the  following 
formula: 

/?n*.o  Rrx  Tpll  Ro,  (33) 

where  Rn  ■=  . - the  resistor/resistance  of  divider /denominator  in 

“(*1  4"  M f>j 
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value  grid  prising  to  the  base  of  transistor; 

RbX.  TP  — Rc,  + P(c>  + ^a)  the  entry  impedance  of  the  transistor,  connected 
according  to  circuit  with  comnon/general/total  emitter. 

Page  50. 

Since  the  value  of  the  resistor/resistance  of  the  resistors, 
connected  in  the  circuit  of  grid  prining  to  base,  usually  is  selected 

large,  entry  impedance  of  cascade/stage  is  determined  by  the  entry 
impedance  of  transistor,  i.e.,  Tp,  can  reach  the  value  of  the 

order  several  dozen  kilohm,  but  voltage  amplification  factor  - 
several  unity,  that  also  is  required. 


Pig.  32.  Circuit  of  the  logarith mizing  cascade/stage. 
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Key:  (1).  Input.  (2).  To  the  subsequent  logarithmizing  cascade/stage 


Pig.  33.  Dependence  of  the  entry  inpedance  of  cascade/stage  on  the 
value  of  the  resistor/resistance  of  resistor  in  emitter  circuit. 
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The  curves  of  dependences  /?»*  = »!'(#••)  for  a standard  transistor  are 
represented  in  Fig.  33.  It  is  necessary  also  to  note,  that  the 
characteristics  of  the  untying  cascade/stage  in  different  operating 
conditions  and  upon  the  exchange  of  transistors  they  will  be  the  more 
stable,  the  greater  value  R3.  This  fact  acguires  decisive  importance 
when  selecting  the  electrical  circuit  of  the  multistage  logarithmic 
amplifier,  which  must  enter  in  the  composition  of  the  equipment, 
intended  for  a work  under  conditions  of  the  diverse  mechanical  and 
climatic  effects  of  environment,  and  at  the  same  time  it  must  possess 
comparatively  small  overall  sizes.  This  all  the  more  important  since 
the  provision  for  a high  stability  of  the  characteristics  of 
logarithmic  amplifiers  of  the  type  in  question  is  at  present  most 
essential  of  entire  complex  of  the  tasks,  which  must  be  solved  in  the 
process  of  production  and  tuning  of  these  amplifiers. 

As  concerns  the  resistor/resistance  of  resistor  in  the  circuit 
of  the  collector/receptacle  of  amplifier  transistor,  to  its  increase 
one  should  approach  with  considerably  larger  precaution,  than  an 
increase  in  the  resistor/resistance  of  the  resistor  of  the  plate  load 
cf  electron  tube  in  analogous  circuit.  The  experimental  check  of  the 

1 
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logarithmizing  transistor  cascade/stage,  schematic  diagram  of  which 
is  given  in  Pig.  34,  it  showed  that  an  increase  in  the 
resistor/resistance  of  resistor  in  the  circuit  of  the 
collector/receptacle  of  aaplifier  transistor  brings,  as  is  evident 
from  the  amplitude  characteristics  of  cascade/stage,  depicted  on  Fig. 
35,  to  completely  opposite  results  - to  decrease  in  the  extent  of  the 
logarithmic  section  of  amplitude  characteristic  and  volume 
contraction  of  cascade/stage  in  input  signals.  This  phenomenon  can  be 
explained  as  follows. 


Fig.  34.  Scheaatic  diagram  of  the  aaplifier  logarithmizing 
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cascade/stage. 

Key:  (1).  Input.  (2).  Output/yield. 

Page  52. 

It  is  known  that  the  dependence  of  the  factor  of  amplification 
of  transistor  cascade/stage  in  voltage  Kv  from  the  current  of 
emitter  at  the  constant  value  of  direct/constant  voltage  on 
collector/receptacle  takes  the  fora  of  the  continuously  growing 
curve.  The  family  of  such  curves,  taken  for  the  different  voltages  on 
collector/receptacle,  which  artificially  were  supported  by  constants, 
is  represented  in  Fig.  36.  If  we,  however,  do  not  take  measures  for 
the  maintenance  of  the  constancy  of  value  UK  (that  also  occurs  in 
real  circuit),  then  curve  a;, - = l or,  is  more  precise,  Kr  = ( t/ox) 

has  more  complex  character.  The  form  of  the  real  dependence  Kv  = i(la\ 
presented  in  Fig.  36  by  dotted  curve,  can  be  explained  on  the  basis 
of  the  obvious  principles  of  the  work  cf  amplifier  circuits. 


PAGE 
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Fig.  35.  Amplitude  characteristics  of  the 
cascade/stage.  Input  signal  is  a continuou 
with  frequency  /c-i  BHz. 


ion 


Key:  Cl).  mV.  (2).  output 


Fig.  36.  Dependence  of  the  amplification  factor  on  the  current  of 
emitter  at  the  different  constant  values  of  voltage  on 


With  an  increase  in  the  aaplitude  of  input  voltage  grov/rises  the 
current  of  the  emitter  of  amplifier  transistor,  that  is  accompanied 
by  an  increase  in  the  voltage  drop  across  fixed  resistor  in  the  load 
circuit  of  collector/receptacle  (also  on  the  resistor  of  filter,  if 
it  is),  and  by  a decrease  in  the  stress  level  on  collector/receptacle. 
This  in  turn,  leads  to  the  deferred-action  increase  in  the  voltage 
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amplification  factor  and  with  powerful  signals  - to  the  appearance  of 
the  falling/incida  nt  section  in  amplitude  characteristic. 
Consequently,  the  more  value  7?„,  the  acre  the  voltage  drop  across  it 
i the  fact  at  the  smaller  values  of  the  amplitude  of  input  voltage  it 
begins  the  falling/incident  section  of  amplitude  character istic, 
i.e.,  the  torque/moaen  t,  with  which  dUni.,JdUnx  = 0.  Therefore  for  an 
increase  in  the  extent  of  the  logarithmic  section  of  amplitude 
characteristic  in  transistor  amplifiers  (is  in  form  a case  of 
applying  wideband  amplifiers)  one  ought  not  to  increase  the  constant 
load  impedance  of  amplifier  cell/eleaent  to  most  feasible  values  (in 
the  same  way  as  this  it  is  made  in  vacuum-tube  circuits).  Certain 
decrease  in  the  amplification  factor,  caused  by  the  smaller  value  of 
the  resist or /resistance  of  resistor  in  the  circuit  of 
collector/receptacle  and  undesirable  when,  at  the  input,  the 
amplifier  of  weak  signals  is  present,  can  be  compensated  for  by 
simple  boosting  supply  of  power  (£*)  on  J-4  v (fig-  37)  . 


w 


DOC  « 77182903 


PAGE 

fl 


Fig.  37.  Scheaatir  diagraa  of  the  logarithaizing  cascade/stage. 

Key:  (1).  Input.  (2).  Output/yield. 

Page  54. 

On  the  effectiveness  of  this  aeasure  it  is  possible  to  judge  from  the 
conparison  of  the  given  in  Fig.  35  and  38  amplitude  characteristics 
of  the  logarithaizing  aaplifier  stages  (curve  1),  these 
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characteristics  are  taken  with  E =-6.3  v and  E = -9  V respectively. 
Unlike  vac  uu»-tubj  amplifiers  the  caused  by  this  increase  in  the 
source  power  o t feed  is  not  accompanied  by  deterioration  in  the 

thermal  condition  is  narrow  or  by  a noticeable  increase  in  its 
overall  sizes. 

The  made  derivations  testify  to  the  presence  of  the  fundamental 
difference  between  electron- tube  and  transistor  logarithmic 
amplifiers.  This  difference  is  developed,  in  particular,  in  the  tact 
that  in  the  latter  the  task  of  the  simultaneous  achievement  of  wide 
passband  and  considerable  dynamic  range  in  input  signals  is  not 
irresolvable.  Of  course,  this  problem  into  a given  degree  is  solved 
in  the  electron-tube  logarithmic  computing  circuits.  However,  in  this 
case  substantially  grow/rise  the  difficulties  both  circuit,  and 
construction-engin  eering  character. 

One  should  note,  for  example,  that  in  single-stage  transistor 
amplifier  without  any  special  measures  there  can  be  achieved  dynamic 
range  on  the  order  of  25  dB,  whereas  in  electron- tube  single-stage 
amplifier  - only  15-20  dB.  This  is  explained,  in  the  first  place,  by 
the  facts  that  the  transistor  is  characterized  considerably  larger, 
rather  than  tube,  by  the  value  of  the  conductivity  of  direct  drive 
Y2 1 and,  therefore,  provides  larger  gain  per  stage,  but,  in  the 
second  place,  thereby  that  the  static  characteristics  of  transistor 


t 


1 


DOC  = 77182903 


page  j#r~ 

<v 

possess  the  consilerably  larger  degree  of  nonlinearity,  the  the 
anode-grid  characteristics  of  electron  tubes,  thereupon  with 
comparatively  weak  signals  at  input. 


Fig.  38.  Amplitude  characteristics  of  the  logarit hmizing 
cascade/stage.  Input  signal  is  a continuous  oscillation/vibration 
with  frequency  /c-i  HHz. 

Key:  (1).  pV. 

Page  55. 

The  reasons  indicated  cause  the  large  extent  of  the  logarithmic 
section  of  the  amplitude  characteristic  of  transistor  amplifier  in 
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comparison  with  electron- tube,  other  conditions  being  equal,  in 
particular  with  the  identical  type  of  nonlinear  cell/element.  This 
increase  in  the  extent  of  the  logarithmic  section  of  amplitude 
characteristic  numerically  is  estimated  at  Ad  [expression  (27)  ], 
determined,  of  course,  by  empiricism.  However,  as  can  be  seen  from 
experimental  data,  the  falling/incident  section  of  amplitude 
characteristic,  i.  e. , equality  dU,ux!dUtI= o,  in  single-stage  transistor 
amplifier  begins  with  voltages  on  input  on  the  order  of  0.7-0. 8 v 
(Fig.  38),  while  in  vacuum-tube  amplifier  this  occurs  with  7-=-8  y* 
This  is  caused  by  the  facts  that  the  static  characteristics  of 
transistor  have  considerably  smaller  extent  of  linear  section,  rather 
than  the  c ha  re c ter istic  of  tube. 

7.  Frequency  characteristic  of  transistor  logarithmic  amplifier. 

During  the  total  analysis  of  the  logarithmic  amplifier,  made  of 
the  principle  of  the  shunting  of  load  as  nonlinear  cell/elements,  it 
is  necessary  to  keep  in  mind  that  for  the  majority  used  at  present  of 
the  modification  of  amplifier  (including  for  modification  of  the  type 
in  question)  is  characteristic  the  dependence  cf  frequency  properties 
on  of  the  amplified  signal  level.  This  means  that  unlike  linear 
amplifiers  the  description  cf  the  properties  of  logarithmic  amplifier 


AO-A065  856  FOREIGN  TECHNOLC 

CALCULATION  OF  L 
OCT  77  6 M KRYL 

UNCLASSIFIED  FTO-ID(RS) 

»GY  DIV  MRI6HT-PATTE 
OGARITHHIC  amplifier 
0V»  A s KAKUNIN*  V I 
T-1829-77 

RSON  AFB  OHIO  F/6 

s with  nonlinear  ELEMENTS  I 
PANOV 

Nl 

9/5 

— ETC(U) 

1 

1 

2 ®2 

AO  A 

065866 

a 

1 

END 

DATE 

FILMED 

4-79 

DOC 

L 

i 

1 A 

_l 

DOC  = 77182903 


PAGE  >2 — 

l5 


with  the  aid  of  the  frequency  characteristic,  taken  for  certain  value 
of  the  amplitude  of  input  voltage,  is  completely  insufficient. 


In  connection  with  this  it  is  necessary  first  of  all  to  stop  at 
the  special  feature/peculiarities  of  the  frequency  characteristic  of 
logarithmic  cascade/stage,  differing  nonlinear  amplifier  from  the 
linear  and  caused  by  the  presence  in  the  composition  of  the  load 
circuit  of  the  transistor  of  nonlinear  cell/elenent.  Since  the  value 
of  the  resistor/resistance  of  the  latter  depends  on  the  amplitude  of 
the  applied  to  it  voltage,  i.e.,  from  the  level  of  tha  entering  the 
input  signal  amplifier,  in  this  case  it  changes  the 
relationship/ratio  of  the  active  and  reactance  cf  load  circuit  they 
appear  the  corresponding  changes  in  the  fora  frequency  /1(o)and  phases 
the  characteristics  of  amplifier  stage,  which  in  the  most  general 
form  are  record/written  as  follows: 


V 1 + ’ 

(p  (to)  = arctg  [Xa/Rn  (U  b*)]. 


(34) 

(35) 
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Specifically,  these  changes  are  developed  the  dependence  of  the 
bandwidth  and  t iae  lag  - the  fundaaental  parameters,  which  are 
described  froa  the  guantitative  point  of  view  of  the  frequency  and 
phase  response  of  aaplifier  stage,  froa  changes  of  input  signal 
level. 

In  the  work  of  the  logarithaizing  cascade/stage  (is  examined 
aperiodic  type  logarithaizing  cascade/stage  - the  more  general  case, 
than  resonance  type  logarithaizing  cascade/stage,  froa  the  viewpoint 
of  a change  in  the  fora  of  frequency  characteristic)  it  proves  to  be 
that  with  an  increase  in  the  amplitude  of  input  voltage  the  form  of 
frequency  characteristic  undergoes  considerable  changes,  namely: 

a)  occurs  the  expansion  of  passband  into  the  range  of  high 
frequencies,  i.e.,  an  increase  in  the  upper  cut-off  frequency; 

b)  occurs  contraction  in  the  passband  in  the  range  of  lower 
frequencies,  i.e.,  an  increase  in  the  lower  cut-off  frequency.  The 
aforesaid  is  illustrated  by  the  experimentally  taken  frequency 

characteristics  of  single-stage  transistor  anplifier  (Pig.  39)  , 
presented  in  Pig.  40,  and  also  by  the  calculated  curves,  depicted  on 
Pigs.  *1-42. 


Fig.  39.  Schematic  diagraa  of  the  logarit hniz ing  cascade/stage. 

Key:  (1).  V. 
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The  curve/graphs  indicated  are  constructed  in  accordance  with 
the  following  expressions: 


for  the  frequency  characteristic  of  aaplifier  in  the  range 


£ f H.MMH I -f-  1 ft; 

7h!m*FT  d o "t"  l / * 


(36) 


for  the  frequency  characteristic  cf  aaplifier  in  the  range  of 
the  higher  frequencies 


_ w i + i/6» 
1/6, ' 


(37) 
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Pig.  %0.  Frequency  characteristic  of  the  simplest  logarith mizing 
cascade/stage.  1 - with  v„Hmn-\o  aV ; K„ua¥t-i».  io> , 9.5 ■ io* Hz  ; 2 - »ith 

■ V;  KUHmm-iMi  Afoj-io'+w-w*  Hz. 


/ 


2 J <-  saw  20  JO  to  SO  80  too  200  wo  soo  mo 


Pig.  41.  Dapwdnct  of  the  degree  of  a change  in  the  lover  cut-off 
frequency  of  passband  on  the  parameters  of  amplifier  circuit. 


Page  58. 

[Expressions  (36)  and  (37)  are  obtained  on  the  basis  of  the 
coaaon/general/total  theory  of  amplifier  circuits.  ]. 

On  Pig.  41  are  represented  the  calculated  curves  of  dependences 
SH^i(dR).  curves  are  constructed  for  the  different  values  of  relation 
I Ibj  = /?h//?ihm Mm..  Proa  the  figure  one  can  see  that  in  the  work  of  aaplifier 
in  the  vide  dynaaic  range  of  a change  of  input  signal  level  the  lover 


DOC  * 771 82904 


PAGE  ^8 


cut-off  frequency  does  not  resain  constant  in  value.  With  an  increase 
of  input  signal  la vel  changes  the  upper  cut-off  frequency,  which  is 
evident  fros  Pig.  42,  on  which  are  represented  theoretical  the  curves 
of  the  dependences  S«  on  values  </„  and  1/b*.  It  should  be  noted 
that  the  curves  I /b2)  characterize  not  only  the  degree  of 

an  increase  in  the  upper  cut-off  frequency  of  aperiodic  amplifier, 
but  also  the  expansion  ratio  of  passband  in  resonance  type 
logarithsic  aaplifier,  i.e.,  they  have  sore  general  chatacter. 

The  expansion  of  the  frequency  characteristic  of  logarithsic 
aaplifier  into  the  range  upper  frequency  is  explained  by  the  facts 
that  with  an  increase  of  the  amplitude  cf  input  voltage  the 
resistor/resistance  of  the  nonlinear  cell/eleacnt,  which  shunts  load 
circui*  decreases.  As  it  is  obvious,  this  leads  to  a decrease  in  the 
value  of  the  resulting  resistor/resistance  of  collector  load  of 
aaplifier  and,  therefore,  to  an  increase  in  its  upper  cut-otf 
frequency. 


HJ  US  0,7  t 


2 J S 7 10  20  JO  so  m 


Fig.  *2.  Dependence  of  the  degree  of  a change  in  the  upper  cut-off 
frequency  of  passband  on  the  parameters  of  amplifier  circuit. 

Page  59. 

IVith  an  increase  of  the  amplitude  of  input  voltage  for  this  same 
reason  occurs  an  increase  in  the  "avalanche"  of  lower  frequencies, 
caused  by  the  effect  of  isolating  capacitor,  isolating  capacitor  and 
nonlinear  cell/eleaent  form  during  work  in  the  range  of  lower 
frequencies  the  di vider/denominator  of  the  voltage,  the  coefficient 
of  transmission  which  the  lesser,  the  greater  the  signal  amplitude. 

In  connection  with  this  in  transit  through  the  logarithmic  pulse 
amplifier  will  occur  the  distortion  of  their  form,  the  degree  of 
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distortion  depending  on  pulse  amplitude.  Since  the  upper  cut-off 
frequency  of  logarithmic  amplifier  increases  with  an  increase  of  the 
amplitude  of  input  signals,  rise  time  of  leading  impulse  front 
decreases.  Since  "the  avalanche"  of  frequency  characteristic  at  lover 
frequencies  in  this  case  grow/rises,  the  flat/plane  apex/vertex  of 
output  pulse,  determined  by  the  form  of  frequency  characteristic  at 
low  frequencies,  obtains  decay  the  greater,  the  greater  the  pulse 
amplitude  at  input. 

In  an  appropriate  manner  mill  be  changed  the  phase  response  of 
nonlinear  cascade/stage. 

Vhen  the  expansion  of  passband  and  the  connected  with  it 
distortion  of  moaentun/iapulse/pulse  (during  the  passage  of  the 
latter  through  the  logarithmic  amplifier)  are  undesirable,  it  is 
necessary  to  raise  the  question  concerning  the  stabilization  of  the 
form  of  frequency  characteristic  (is  in  form  stabilization  of  the 
bandwidth)  in  all  interval  of  the  variation  of  input  signal  levels. 

Are  examined  below  some  practical  methods  of  providing  a 
stability  of  the  bandwidth  in  the  logarithmic  amplifiers  of  resonance 
and  aperiodic  types. 
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8.  Stabilization  of  the  passband  of  aperiodic  transistor  amplifier. 

Under  the  stability  of  the  frequency  characteristic  of  the 
aperiodic  nonlinear  amplifier,  which  works  under  conditions  of  effect 
on  its  input  of  signal  with  the  changing  in  wide  dynamic  range  level, 
is  iaplied  the  constancy  either  lower  cub-off  frequencies  (/„),  or 
the  upper  cut-off  frequency  (/»)  — partial  stability  either  the 
complete  stability  of  the  frequency  characteristic,  when  logarithmic 
anplifier  possesses  the  more  or  less  constant  bandwidth  independent 
of  the  amplitude  of  input  or,  i.e.  , 

/■— /h*AF«  const.  (38) 

Page  60. 

In  the  present  section  are  examined  some  methods  of  stabilization  of 
the  frequency  characteristic  of  aperiodic  type  transistor  logarithmic 
anplifier.  Majority  of  then  is  based  on  the  determined  change  in  the 

circuit  of  the  load  circuit  of  the  loga rithnizing  cascade/stage. 
Furthermore,  the  determined  results  gives  introduction  into  the 
amplifier  of  the  linear  cascade/stages  cf  preliminary  amplification. 
The  specific  special  feature/peculiarity  of  the  majority  of  the 
possible  circuit  solutions  is  that  the  task  of  the  stabilization  of 
the  bandwidth  in  certain  interval  of  the  variation  in  the  amplitudes 
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of  the  input  voltage  in  aperiodic  type  amplifier  can  be  solved 


separately  - for  the  range  of  lower  and  higher  frequencies. 


First  let  us  exaaine  sole  aethods  of  providing  a constancy  of 


lower  cut-off  frequency  and  coapare  their  effectiveness.  It  is  known 


that  certain  stabilizing  effect  on  the  frequency  characteristic  of 


nonlinear  aaplifier  exerts  switching  on  consecutively  with  the 


nonlinear  cell/eleaent  of  linear  resistor  /!»  In  this  case  the 


resulting  resistor/resistance  of  the  nonlinear  cell/element,  which 


now  aust  be  considered  as  coabination  (series  connection)  of  linear 


and  nonlinear  resistors,  it  is  equal  to: 


PM  ^IlM 


But  if  with  weak  signals  (with  the  action  of  linear 


resistor  in  practice  does  not  aanifest  itself,  since  , 


then  with  powerful  signals,  which  corresponds  to  the  work  of 


aaplifier  on  the  finite  segaent  of  the  logarithaic  amplitude 


characteristic,  when  the  resistor/resistances  of  resistors  R„,w 


and  R-, 


have  an  identical  order  of  aagnitude,  a value  AVii*: 


substantially  it  grow/rises.  Besides  entire  other,  this  leads  to  the 


weakening  of  the  effect  of  isolating  capacitor  on  the  lower  boundary 


aaplif ication  frequency,  which  is  deterained  by  the  expression 


1/2.1  IIC.’I  f R .•mu)  • 
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And  although  when,  in  the  coaposition,  the  logarithaizing  circuit 
linear  is  present,  the  resistor  of  lower  cut-off  frequency  of 
cascade/stage  changes  insignificantly,  which  one  should  from  the 
presented  in  Fig.  43  curves  of  dependence  = d„).  apply  this 

aethod  inexpediently,  since  an  increaee  R; i„„  leads  to  a decrease 

in  the  dynaaic  range  in  input  signals. 

Page  61. 

The  circuit  realization  of  stated  problea  (provision  for  an 
independence  of  the  bandwidth  froa  of  input  signal  level)  must  be 
such  in  order  that  any  other  paraaeter  of  the  develop/processed 
logarithmic  aaplifier  (but  dynaaic  range  at  input  signals  - in 
particular)  would  not  change  its  value  during  the  corresponding 
change  in  the  circuit  of  load  or  logarithaizing  circuit. 

From  this  viewpoint  aost  rational  is  the  introduction  into  the 
coaposition  of  the  circuit  of  the  logarithaizing  network  element  of 
the  low-frequency  correction,  which  would  afford  possibility  to 
reaove  "avalanche"  at  low  frequencies  and  to  ensure  thereby  a 
aaxiaally  flat  passband  of  nonlinear  cascade/stage  for  all  of  input, 
signal  level.  This  correction  can  be  realized  by  means  of  switching 
on  consecutively  with  the  nonlinear  cell/eleaent  of  RC  network  that, 
as  shown  in  Fig.  44.  The  prsssntsd  in  Fig.  45  frequency 
characteristics  of  that  logarithaizing  cascade/stage  sufficiently 

visually  illustrate  the  stabilizing  effect  of  the  circuit  of 

low-frequency  correction. 
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Pig.  * 3.  Dependence  of  the  degree  of  a change  in  the  lower  cut-off 
frequency  on  the  paraneters  of  anplifier  circuit  for  the  case  of 
using  as  nonlinear  cell/eleaent s diodes  of  the  type  D9D  (1/b?  = 200) 
and  D2B  ( 1/b*  * 20)  . 


Page  62. 


If  in  unconpensated  anplifier  a change  of  the  lever  cut-off  frequency  / 
conprises  approxina tely  two  orders,  then  during  the  introduction  of 
correction  value  /„  renains  virtually  constant  in  the  dynanic  range 
cf  a change  of  input  signal  levels.  One  should  note  also  that  the 
circuit  of  low-frequency  correction  indicated,  after  stabilizing 
value  /„  in  the  interval  of  the  variation  of  input  signal  levels 
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being  investigated,  does  not  affect  the  extent  of  the  logarithmic 
section  of  amplitude  character istic- 


As  concerns  the  upper  cut-off  frequency  of  the  passband  of 
transistor  logarithmic  amplifiers,  as  can  be  seen  from  Fig.  45,  value 

in  this  case  changes  not  more  than  double,  vhereas  in  analogous  type 
vacuum-tube  amplifiers  change  of  value  /\,  composes  5-7  times. 
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In  connection  with  this  it  is  possible  to  lake  the  conclusion  that  in 
logarithaic  transistor  amplifier  (Pig.  44)  the  application/use  of 
special  treasures  of  stabilization  /„  is  not  required.  To  explain 
this  is  possible  by  the  following  fora.  In  transistor  aapLifier  there 
is  a suppleaentary  factor,  facilitating  the  stabilization  of  the 
value  of  the  upper  cut-off  frequency,  caused  by  the  physical  special 
feature/peculiarities  of  the  work  of  transistors.  With  an  increase  of 
input  signal  level  increases  value  two  of  ccaponents  of  the  total 
capacitance  of  load  circuit,  namely: 


1)  the  collector  transition  capacitance  of  aaplifying  transistor 

s-~r=y  /77Z^—  = * U.  (41) 

where  /?« — the  voltage  of  battery  of  the  feed  of  collector  circuit; 


/»—  the  current  of  eeitter; 


R«—  the  re  sis  tor /resist  ance  of  the  load  circuit  of 
collector/receptacle  on  direct  current; 


y 
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a is  a transmission  factor  of  the  current  decreases; 

C0  - the  coefficient,  which  makes  sense  of  the  starting  capacity 
of  p-n  junction  in  the  absence  of  cutoff  voltage  and  which  is 
determined  physical  properties  of  the  material  of  semiconductor. 

The  theoretical  graph/diagrams  of  the  dependence  of  the 
capacitance  value  of  collector  junction  C6.K  from  a change  in 
direct/constant  voltage  on  col lector /recept acle,  constructed  in 
accordance  with  expression  (41),  and  analogous  experimental  curves 
for  high-frequency  and  low-frequency  transistors  are  represented  on 
Fig.  46  and  47; 

2)  diffusion  emitter  transition  capacitance  the  transistor  of 
next  cascade/stage 

A'i'h  2nf  W ~ ^ (^2) 

where  /.  — current-ampli f ication  cutoff  frequency  in  common-base 
circuit; 

T is  absolute  temperature; 


q - electron  charge; 
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k - the  is  Boltzaann  constant; 


/,—  the  currant  of  esitter. 


[Graphically  dependence  — <[<(/.,  /,)  i»  represented  on  Fig.  48.  ]. 
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Pig.  46.  Theoretical  g r aph/diagraas  of  the  dependence  ot  the 
capacitance  value  of  the  collector  junction  of  transistor  from  a 
change  in  direct/constant  voltage  on  collector /receptacle. 

Key:  (1).  pF.  (2).  V. 


(J  \ 1 1 1 \ -U...  A < V I 1 I 1 I l. 

- 2 -6  -9  -10-12  -1+  Orf)  -r  -4  -S  -6  - 10 

a)  £ ^ 

Fig.  47.  Dependence  of  the  capacitance  value  of  the  collector  of 
transition  of  transistor  froa  a change  in  direct/constant  voltage  on 
collector/receptacle,  a)  for  transistors  of  the  type  P13A;  b)  for 
transistors  of  the  type  P403. 


Key:  (1).  pF.  (2).  aA.  (3).  V. 


Page  65. 

As  a result  in  the  coaposition  of  the  load  circuit  of  the 
logar ithaizing  cascade/stage  are  two  nonlinear  ce 11/eleaen ts  whose 
values  are  changed  approxiaately  on  autually  reverse/inverse 
functional  laws,  naaely: 


Rma  —A/^ilUn) 


(43) 
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The  respectively  upper  cut-off  frequency  of  cascade/stage,  daterained 
by  the  expression 

i _ 1 

'»-2Ma;1(<;.I)/+1(iy„)  • (44) 

increases  not  aora  than  double,  in  the  range  of  a change  of  input 
signal  level  of  approxiaately  40  dB,  i.e.,  functional  factor  *a(U„)/x h(U„) 

remains  virtually  constant/invariable,  that  also  is  required  for 
the  solution  of  stated  problem. 
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Fig.  48.  Dependence  of  the  diffusion  eaitter  transition  capacitance 
cf  transistor  f roa  changes  in  the  input  voltage. 

Key:  (1).  pF.  (2).  bA.  (3).  HHz. 

Page  66. 

In  this  plan/layout  for  the  problea  is  provided  the  stable  value  of 
the  upper  cut-off  freguency  of  logarithaic  aaplifier  stage  can 
considered  as  task  of  the  autual  coapensation  for  the  effect  of  the 
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separate  cell/eleae nts  of  nonlinear  circuit.  As  can  be  seen  from 
expression  (42),  with  an  increase  in  the  boundary  frequency  of 
current  au  ltiplica  tion  (/.)  the  absolute  liaits  of  a chanqe  in  the 
capacitance/capacity  C,an<,  decrease,  which  decreases  stabilizing 
ability  of  the  latter.  This  aeans  that  during  the  execution  of 
logarithaic  aaplifier  on  high-frequency  transistors  the  value  of  the 
upper  cut-off  frequency  will  grow/rise  to  larger  degree  than  in  the 
aaplifier,  asseabled  on  low-frequency  transistors  other  conditions 
being  equal.  Therefore  it  is  not  always  possible  to  obtain  sufficient 
stability  of  the  upper  cut-off  frequency  without  the  application/use 
of  special  aeasures.  The  aforesaid  is  illustrated  by  the  frequency 
characteristics  (Fig.  50)  of  the  logar ithaizing  cascade/stage  whose 
circuit  is  represented  on  Fig.  49.  As  is  evident,  the  upper  cut-off 
frequency  cf  cascade/stage  increased  during  a change  in  the  input 
signal  level  4.4.  tiaes  (without  the  application/use  of  special 
aeasures  of  the  stabilization  of  value  /»)• 
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Pig-  50-  Frequency  characteristics  of  logarithmic  amplifier,  a) 

characteristic  for  the  case  «.1<H-rso  oha;  *,,.,-0; t'.i-ooi  V;  /.-s  NHz 

/)  »;  /.-»  NHz ; k„,.'-s.ts:  b)  characteristic  for  the  case 

ohs;  Aohn\  : u„-o.oi  »;  /,-s  H Hi ; *M11,c-s«; V;  f.-ir 

HHi;  c)  characteristic  for  the  case  #,..-780  oha; 

A«4vm  ; u„-o.oi  T;  /,-*  HHs;  T ; /,-io  NHz  ; 


Roy*  ( 7 ) - hi 


DOC  = 77182905 


PAGE  ^ //7 


1 


Page  68. 

The  obtained  difference  in  the  results  of  experiment  can  be 
explained  by  the  facts  that  the  depicted  on  Fig.  44  and  49  circuits 
of  logarithmic  amplifiers  are  carried  out  on  the  different  types  of 
transistors.  The  amplifier  whose  circuit  is  represented  in  Fig.  44, 
is  carried  out  on  transistors  of  the  type  P403.  I t is  Known  that  the 
equivalent  capacitance/capacity  of  load  circuit  in  transistor 
aperiodic  amplifier  is  defined  as 

C,kb  — C*  + Co  kKu  +- Cmoiti  (45) 

where  the  diffusion  transition  capacitance  of  emitter  - 

base  of  the  subsequent  transistor; 

Csk-  transition  capacitance  the  collector  base  of  amplifier 
transistor;  — the  factor  of  amplification  of  cascade/stage  in 

voltage/st  ress; 

i*  wiring  capacitance  of  interstage  network. 


J 
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Experimental  calculations  show  that  the  fundamental  component  of 
the  total  capacitance  of  load  circuit  is  the  diffusion  emitter 
transition  capacitance  of  the  subsequent  transistor.  Thus,  for 
instance,  for  a transistor  of  the  type  P403 

St  _ o,7. 10-*  _ tr 

= 2^- — iK.o.f-id4'  pr 

where  s«-a/»/a£/« the  slope/transconductance  of  input 
characteristic,  determined  according  to  the  static  characteristics  of 
transistor  /«  = *! (Ut,)  with  * const;  s„-o.7  0.7  iA/1;  ^ “0.7 

MHz  - current-amplification  cutoff  frequency  in  common -eeitter 
connec  tion . 

Capacitance  value  of  passage  collector  base  c».«  = 5 pF. 

Set/assuming  C«»-x  * 10  pF,  the  factor  of  amplification  of 

cascade/stage  in  voltage/stress  with  weak  signal  on  input  XMl„c  = 

12,  the  factor  of  amplification  of  cascade/stage  in  voltage/stress 

with  powerful  sigaal  on  input  am,„  * 3,  we  determine  the 

capacitance  value  C«.  >.»«  at  weak  signal  at  the  input  of  the 

amplifier  ^ 

C.K,  »*. -160+5  • 12+10-230 

It  is  known  that  with  an  increase  of  the  amplitude  of  input  signal 
the  diffusion  emitter  transition  capacitance  and  the  transition 
capacitance  collector  base  grow/rise  in  value  approximately  double. 
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Consequently,  tilth  an  increase  of  the  input  signal  level 

C>.«  «,kc=  160  • 2 + 5 -2-3+ 10  = 360  pfz 

i.e.  the  equivalent  capacitance/capacity  of  circuit  will  increase 
1.57  tines  in  comparison  with  C,**  By  this  is  explained  the  effect 

of  the  stabilization  of  the  upper  cut-off  frequency  in  the  amplifier, 
made  on  transistors  of  the  type  P403. 

The  diffusion  emitter  transition  capacitance  of  transistors  of 
the  type  P417  - on  them  is  made  the  amplifier  whose  circuit  is 
represented  in  Fig.  49-  considerably  less  than  of  transistors  of  the 
type  P403,  and  is  equal  to  Co.s+Ct»  16  pF  (value  C„ ,+ct  * 16  pP 

is  obtained  by  calculation).  Consequently,  the  equivalent 
capacitance/capacity  of  the  load  circuit  of  the  logar ithmizing 
cascade/stage  under  the  conditions,  analogous  tc  that  examined  above, 
will  be  equal  to: 

C...,...- 16+5 -12+10=86  pp 

Page  6 9. 

With  an  increase  of  input  signal  level  the  capacit ance/capacity  c»«* 
will  be  equal  to: 

C,K.  m,„c  = 16-2+10-  3+ 10=-- 72  Pf 
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i.e.  capacitance  value  c3K,  decreased  1.2  tines,  and  consequent!/, 
in  this  case  the  expansion  of  the  passfcand  of  amplifier  will  be 
considerably  nore,  rather  than  during  the  use  of  transistors  of  the 

type  P40 3.  The  aforesaid  sufficiently  visually  is  illustrated  by  the 
frequency  characteristics  of  anplifier,  presented  in  Fig.  50. 

On  the  basis  of  presented  it  is  possible  to  make  the  conclusion 
that  the  need  for  the  stabilization  of  the  upper  cut-off  frequency 
for  transistor  amplifiers  must  be  determined  for  each  specific  case 
(more  precise,  by  the  type  of  the  used  transistors). 

When  occurs  an  undesirable  increase  in  the  upper  cut-off 
frequency,  it  is  possible  to  use  the  connection/inclusion  of  the 
nonlinear  resistance  as  arm  of  the  resistive  voltage  divider  in  the 
manner  that  it  is  shown  in  Fig.  49. 


Figure  50  depicts  the  frequency  characteristics  of  amplifier;  as 
is  evident,  the  upper  cut-off  frequency  in  the  range  of  a change  in 
the  input  signal  being  investigated  will  increase  in  all  2 times 
(instead  of  4-5  multiple  increase  in  the  upper  cut-off  frequency  in 
circuit  without  resistor  R^n)-  In  this  case  the  dynamic  range  of 

amplifier  stage  at  input  signals  because  of  the  introduction  of  the 
nonlinear  voltage  divider  grow/rises  approximately  to  30  dB  (Fig. 

51). 
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The  stabilizing  effect  of  the  resistive  voltage  divider  on  the 
upper  cut-off  frequency  to  explain  as  follows. 

Since  fixed  resistor  of  this  divider/denoininator  is  included 
between  the  isolating  capacitor  an d the  input  electrode  of  the 
transistor  of  the  subsequent  cascade/stage,  this  dividar/denoninator 
is  equivalent  on  the  final  effect  of  its  action  to  circuit  with  the 
divided  capacitance/capacities  or  to  lew-pass  filter. 
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Pig.  51.  Amplitude  characteristic  of  logarithmic  amplifier.  Signal 
frequency  ' 500  kHz. 

>(•).  v. 

Page  7 0. 

For  this  reason  the  execution  of  the  logar ithmizing  circuit  in  the 
form  of  the  resistive  voltage  divider  makes  it  possible  to 
considerably  decrease  the  degree  of  an  increase  in  the  upper  cut-off 
frequency  depending  on  of  the  amplified  signal  level.  The  equivalent 
circuit  of  cascade/stage  with  nonlinear  di vider/denom in ator  is 

represented  im  Fig.  52.  On  the  basis  of  the  theorem  about  equivalent 
generator  can  be  written  the  expression  for  the 

standardized/normalized  frequency  characteristic  of  amplifier  stage 
with  the  nonlinear  voltage  divider  in  the  range  of  higher 

frequencies.  It  takes  the  fora: 
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AH  = 


, f + CiRm)  + RtitaR*  (Ci  +C«)  1* 

+ [“  R.  + Ra„  + Rm  J 

(46) 


Set/assuming 

Rnen  — R^d, 

Riwji  = bRa, 

C,  + Cj  = Ch, 

where  Cj  it  is  determined  by  the  output  inter electrode  capacitance  ot 
amplifier  instrument  and  by  the  wiring  capacitance  of  the  circuit  of 
output  electrode;  it  is  accepted  equal  to  YiCH;  to  C*  it  is 
determined  by  the  input  interelectrode  capacitance  of  the  amplifier 
instrument  of  the  subsequent  cascade/stage  and  by  the  wiri nq 

capacitance  of  the  circuit  of  input  electrode;  it  is  accepted  equal 

to 


Yi  + Ys-1- 


DOC  = 77182905 


page  a*  /p  y 


WTf»U^  V 


Fig.  52.  Equivalent  circuit  of  logarithmic  cascade/stage  with  the 


nonlinear  voltage  divider. 


Fa  ge  7 1. 


In  the  general  case  both  components  of  total  capacitance  are 
different,  i.e-,  vit<=Yj- 


Talcing  into  account  the  introduced  designations  expression  (46) 

can  be  rewritten 


[/  r+£p]‘+ 
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Ey  set/ass uming  for  simplif icat ion  in  calculation  C,  = C2,  i.e.,  yi=V 
= 0.5,  and  by  being  given  the  nonuciforaity  of  ampli f icati on  within 
the  limits  of  passband,  equal  to  l!\r2,  it  is  possible  to  find  the 
standardized/normalized  value  of  the  upper  cut-cff  frequency  as 
function  of  several  values,  which  characterize  the  circuit  of  the 
load  strictly  of  amplifier  stage  and  the  circuit  of  the  nonlinear 
voltage  divider,  namely: 


<»*C,RU  — ^ (b.  n)  == 


(48) 


where 


r, 


\+n  + b 


-J 


a 


and 


V — ln  (T»*+Ti> -f  <>r  — +'l+ft) 

* U+n  + ft)s 
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they  are  the  coefficients  of  the  biquadratic  equation 

K cuRuyYt + (u)n  cHR„y  y , - 1 = 0.  (49) 

Figure  53  depicts  theoretical  tha  curves  of  the  dependences  of 

the  upper  cut-off  frequency  on  value  b=RwJR„.  Curves  are 

constructed  in  accordance  with  expression  (48)  for  different  values 
h = R ii- 


Pa  ge  7 2. 

Fro*  the  presented  curve/graphs  it  follows,  that  the  more  the 
resistance  Rata  (i.e.  value  n)  , that  to  a lesser  degree  it  depends 
the  upper  cut-off  frequency  on  changes  in  the  value  of  nonlinear 
resistance  - coefficient  b,  i.e.,  from  changes  of  input  signal  level. 

Here  for  a comparison  is  given  the  curve  of  dependence  MbCii/?h=\J>(&) 
with  n = 0,  i.e.,  the  simple  circuit  of  logarithmic  amplifier,  made 
Be  of  the  application/use  of  any  circuits  of  the  stabilization  of  the  p<v»!> 
bandwidt  h. 

Thus,  and  the  results  of  experiment  and  theoretical  curves  (Fiq. 

53)  completely  confira  the  effectiveness  of  theAraethod  of 
stabilization  /*. 


i 


Furtheraore,  introduction  into  the  circuit  of  the  logarit hmizing 
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circuit  of  linear  resistor  RWn  contributes  (as  shown  in  §5)  to  an 
increase  in  the  dynamic  range  of  amplifier  in  input  signals. 

In  conclusion  it  should  be  noted  that  the  stabilization  of  the 
bandwidth  of  aperiodic  type  logarithmic  amplifier  it  should  be 
realized  by  all  examined  methods  simultaneously,  thanks  to  which  not 
only  to  preserve,  but  also  it  is  possible  to  increase  the  dynamic 
range  of  aaplifier  in  input  signals  in  comparison  with  the  simplest 
circuit. 


Pig.  53.  Dependence  of  the  standardized^tornalized  upper  cut-off 
frequency  of  the  passband  of  logarithmic  aaplifier  on  the  parameters 
of  its  circuit. 

Page  7J. 

Proa  the  analysis  of  the  proposed  circuit  solutions  it  is 


J 
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possible  to  see  that  some  of  then  provide  not  only  the  stability  of 
the  bandwidth*  but  also  an  increase  in  the  dynamic  range  in  input 
signals.  This  is  especially  valuable  from  the  viewpoint  of  the 
execution  of  the  operations  of  construction-engineering  character  - 
the  adjustment  and  the  tuning  of  logarithaic  aaplifier. 


9.  Special  feature/peculiarities  of  the  stabilization  of  passband  in 
resonance  type  logarithmic  amplifiers. 

The  stabilization  of  the  bandwidth  in  resonance  type  logarithmic 
amplifiers  can  be  realized  by  several  methods. 


fche  of  these  methods  the  introduction  intcthe  composition  of  the 
logarithmi  zing  circuits  of  the  linear  resistors,  stabilizing  effect 
of  which  is  described  in  §8,  and  also  is  illustrated  by  those 
presented  in  Pig.  54  calculated  curves  of  the  dependence  of  the 
relative  expansion  of  the  passband  of  the  resonance  logari thmi zing 
cascade/stage 

O)  Q 

br~&F M*KC  (npn  ^k.mikcJ/A/7 mrh  (npH  U IX t^Bi.Mna) 

Key:  (1).  with. 

fcos  values  1/bs  and  p^RnuJRm',  the  curves  are  constructed  for 
certain  concrete/specific/actual  type  of  the  nonlinear  cell/element, 
which  Is  characterised  by  value  d*«b,/64-5. 
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Fig.  54.  DtpMdnci  of  the  expansion  ratio  of  the  passband  of 

logarithnic  amplifier  on  the  paraneters  of  its  circuit. 

Fa  ge  74. 

Fron  the  given  Fig.  54  curve/graphs  shows  that  the  introduction  of 
linear  resistor  into  the  logarithnizing  circuit  of  an  amplifier  of 

the  type  in  question  considerably  lowers  the  expansion  ratio  of  its 
passband  during  an  increase  of  input  signal  levels.  Presented  in  Pig. 
55  the  calculated  curves  of  the  dependences  of  the  para  mater  I ,'b,  = Z„/R, 

Ke-y  ; CO.  to  i4k 


DOC  = 77182905 


PAGE  & >3  & 


I 


on  value  p make  it  possible  to  graphically  determine  values  l/bn 

and  p(  which  correspond  to  the  aaxiaua  expansion  ratio  of  passband, 
and  consequently,  to  select  durinq  the  construction  of  amplifier 
those  values  1/b2  and  p,  to  which  corresponds  an  insignificant  change 
in  the  passband  during  an  increase  of  input  signal  level. 


Curves,  depicted  in  Fig.  55,  are  constructed  as  follows.  First 
must  be  determined  derivative  (1/bf);  here 


(!/&,  + 1 +P.  6,)  (<*«  + />/* i) 

(\/b,+  dR  + p/b,)(\+p,bt) 


Pig.  55.  Curve/graphs  for  deteraining  the  parameters  of  amplifier 
circuit. 


Page  75. 


Farther  expression  for  a derivative  is  equated  zero,  and  from  the 
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obtained  in  this  rase  equation,  which  has  the  following  form: 


pip  -M) 

a 


can  be  obtained  the  values  1/b2,  which  correspond  to  the  maximum 
values  with  this  p. 


However,  as  noted  above,  this  method  one  ought  not  to  apply  as 
fundamental  that  reason,  that  an  increase  in  the  degree  of  the 
stabilization  of  passband  (i.e.  increase  p)  is  accompanied  by  a 
decrease  in  the  dynamic  range  of  amplifier  in  input  signals  ^bxi>  that 
undesirabl y. 


Thus,  it  is  possible  to  assert  that  resonance  type  logarithmic 
amplifier,  just  as  aperiodic  type  amplifier,  made  with  the 
application/use  of  the  sinplest  circuit  of  logarithmic  operation,  is 
characterized  by  the  considerable  expansion  of  passband. 
Quantitatively  this  expansion  can  be  by  the  specific  relationships, 
analogous  obtained  above  for  aperiodic  type  nonstabilized  circuit. 


The  second  method  of  stabilization  of  the  bandwidth  of 
logarithmic  amplifiers  of  the  type  in  question  is  the  execution  of 
the  interstage  circuits  of  communicaticn/connection  in  the  form  the 
more  or  less  compound  circuits  (Fig.  56),  described  by  the 
differential  equations  of  the  fourth  (and  above)  order.  This  is 


- • ••  *,» 
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caused  by  those  by  the  known  fact  that  the  fore  of  the  frequency 
characteristic  of  circuit  that  nearer  to  ideal  rectangle  and  that 
less  depends  on  changes  in  the  values  of  external 

resistor /r  a*  is  t ances. 


Fig.  56.  Circuit  of  interstage  coupling  circait  with  the  large  number 
of  degrees  of  freedom,  loaded  to  nonlinear  cell/element. 

Key:  (1).  Amplifier  cell/eleaent.  (2).  Input.  (3).  Output/yield. 

Page  76. 

Let  us  exaaine  the  special  feature/peculiarities  of  the 
logarithmic  amplifier,  where  as  interstage  networks  are  used  circuits 
more  complex,  rather  than  simple  resonant  circuits.  Specifically,  is 
examined  the  amplifier  with  the  use  of  the  two-circuit  body-fixed 
system;  the  generalized  pattern  of  this  amplifier  stage  is 
represented  in  Fig.  57. 


The  logarithmic  selective  amplifier  made  with  the 
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application/use  of  two-circuit  filters,  possesses  the  property,  which 
profitably  differs  it  froa  tuned  amplifier,  naaely:  by  the  stability 

of  the  bandwidth  during  a change  of  inr^r  «ign«*l  level.  This  can  be 
explained  as  follows  (is  examined  sinjle  cascade/stage).  It  is 
assumed  that  the  frequency  characteristic  of  cascade/stage  because  of 
the  appropriate  selection  of  the  coaaui.  tion/connection  between  the 
ducts  of  filter  takes  the  fora  of  double- hu.ped  curve,  the 
comaun icat ion/c onnection  only  insignificantly  exceeding  critical, 
i.  e. , k/d  * n * 1.5-2.  It  is  clear  that  when,  at  the  input,  the 
amplifier  stage  of  coaparatively  weak  signals  is  present,  the 
resistor  /resist  ance  of  the  nonlinear  cell/eleaents,  connected  in  the 
ducts  of  filter,  has  the  aaxiaum  value  and  does  not  exert  noticeable 
effect  on  the  form  of  frequency  characteristic.  With  an  increase  in 
the  amplitude  of  input  voltage  circuit  damping  of  filter  (d) 
grow/rises,  which  leads  to  an  increase  in  the  bandwidth  of  amplifier. 

| | 

But  simultaneously  with  this  with  an  increase  in  circuit  lamping  of 
filter  occurs  the  corresponding  decrease  in  the  value  of  the  factor 
of  comaunication/connection  tv*  k/d  to  unit  and  less.  Consequently, 
the  frequency  characteristic  of  cascade/stage  will  change  its  form, 
acquiring  gradually  the  form  of  the  single-humped  curve  whose  width 
must  decrease. 

i 
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Fig.  57.  Circuit  of  nonlinear  two-circuit  selective  amplifier. 

Key:  (1).  Amplifier  cell/element.  (2).  Input.  (3).  Output/yield.  (4) 
Fower  battery. 


Page  77. 

This  means  that  the  bandwidth  of  the  loga rith sizing  amplifier  stage 
with  two-circuit  filter  is  in  this  case  the  function  of  two  variable 
va  lues 

AF=t[R»c.AU»x)-.  V^B*)].  (52) 


of  which  the  first  (/?„„)  it  causes  expansion,  and  the  second  (n)  - 


I 
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the  contraction  of  passband  with  an  increase  in  the  amplitude  of 
input  signal;  it  is  known  that  the  lesser  the  value  of  th» 
generalized  coupling  coefficient  between  the  ducts  (or  the  factor  of 
communication/connection  g),  the  narrower  the  bandwidth.  At  the 
appropriate  selection  of  the  parameters  of  the  ducts  of  filter  the 
action  of  these  values  can  be  mutually  compensated  for,  thanks  to 
which  an  absolute  change  in  the  bandwidth,  equal  to 

&F  ( pn  UBX  m«kc) — SF'  (tipii  (Jrxmrh)  "A/7,  (53) 

Key:  ( 1)  . with 

it  proves  to  be  ace  very  insignificant,  i.e., 

bF— *0. 

For  the  analytical  determination  of  the  expansion  ratio  of  the 
passband  of  amplifier  one  should  investigate  the  expression  for  the 
frequency  characta ristic , which  is  determined  by  the  frequency 
dependence  of  the  transmission  factor  of  two-circuit  filter.  The 
latter  is  described  by  the  known  expression 


(34) 


Here  k is  a coupling  coefficient  between  the  ducts  of  filter;  y - 


relative  detuning; 

duct ; 


a _ 

an f 

*inr+] 


d = “f' 

1 ^ * 

] + r 

■ the  ettenneti< 


the  attenuation  of  the  first 


the  secondary  circuit; 
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^ui  - the  resistor/resistance  of  the  resistors  which  shunt  the  ducts 

of  filter. 


Although  both  ducts  are  Bade  with  the  application/use  of 
identical  on  their  ratings  cell/elements,  nevertheless 

Page  78. 


This  is  explained  by  the  facts  that  in  the  general  case  of  the 
amplitude  of  the  »dge  stresses  of  filter  ars  different,  i.  e., 

Un~i\Uu  (55) 

k 

where  T,  * \'-rr  ~~  the  factor  of  communicat  ion /connection, 
v «i«u  ' 


Consequently,  the  values  of  the  resistor/resistances  of  the 
nonlinear  cell/elements,  connected  in  the  composition  of  the  first 
and  secondary  circuits  of  filter,  are  also  different,  namely: 


(56) 


After  designating  by  uP «(//«/ o the  generalized  detuning. 


i + M 


r.__ 


[+± [ 


d i = d nd|", 


</n  »do/lu; 
1\a~  klda\ 
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do  = oi, ,£//?,„  — circuit  (1  am  ping,  determined  with  infinitesimal 
amplitude  of  the  voltage  of  signal  on  the  inpat  of  amplifier  stage, 

can  be  written: 


1**1  = 


y\W\ - s+<**+4% i"-5 («i  + RM>r  ' 


= (57) 


Put  in  view  of  the  fact  that  the  two-circuit  body-fixed  system 
usually  is  fulfilled  in  the  commun  icat  ion/connect  ion  between  the 
ducts  of  filter,  equal  critical  or  insignificantly  exceeding  it, 
thosei  e,  no-1-  with  sufficient  for  practical  calculations  accuracy  it 
is  possible  to  count  U\\mU\  and  Then  the 

standardized  /normalized  frequency  characteristic  of  filter  is 
record/written  in  the  following  form: 


M (•)  I **  ' 


a*  + % 


V {H'  -%  + V)'*  + iS 


(’>«) 


In  accordance  with  expression  (58)  in  Pig,  58  are  constructed  for 
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the  different  of  input  signal  level,  i.e.,  for  different  values  of  b, 
st andardiz ed/norna 1 ized  frequency  system  petf or aa nces. 

Page  79. 

Figure  58  slows  that  the  bandwidth  of  the  logarith  aiz  ing 
cascade/stage  with  two-circuit  filter  in  the  load  circuit  of 
aaplifier  ce  11/el? nent  remains  by  virtually  the  constant  during 
change  aaplitude  of  input  signal  in  aore  or  less  wide  dynamic  range. 


The  third  method  of  stabilization  of  the  bandwidth  whose 
application/use  is  advisable  in  resonance  type  logarithmic 
amplifiers,  is  the  introduction  into  the  composition  of  the  amplifier 
preliainary  - foraing  frequency  characteristic  - band-passs  filter  or 
amplifier  stages,  the  frequency  character ist ic  of  which  differs  in 
terms  of  the  higher  degree  of  squareness. 


It  is  clear  that  the  effectiveness  of  this  method  of 
stabilization  the  greater,  the  more  considerable  the  difference  in 
the  bandwidth  of  the  logarithmic  aaplifier  and  preliminary 
equipment/device,  i.e.,  must  be  observed  the  condition 


K*}:  CO-  UMV\. 


miiii  , 


(0 

Cnp*  l/,,=  U »*  MNll), 


(59) 


"1 


where 


AFnpcn.—  the  bandwidth  of  linear  preamplifier; 
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An,  — tha  minimum  bandwidth  of  logarithmic  amplifier, 
determined  on  the  ainiBum  of  input  signal  level. 

The  bandwidth  a/V,  of  the  multistage  selective  amplifier, 
which  is  the  series  connection  of  two  amplifiers  - the  preliminary 
linear  amplifier,  the  bandwidth  of  which  does  not  depend  on  changes 
in  the  level  of  the  input  signal 

Jin,  (U  txm) 

and  of  the  fundamental  logarithmic  amplifier,  the  bandwidth  of  which 
changes  depending  on  of  the  input  signal  level 

A F„U~^(U  ixm), 

it  is  defined  as  certain  resulting  quantity,  computed  taking  into 
account  values  an<j 

1 
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Fig.  58.  Standardl2ed/nomali2ed  frequency  characteristics  of 
two-circuit,  logarithmic  amplifier. 


Page  80. 

For  the  purpose  of  the  quantitative  determination  of  the  effect  of 
the  individual  parts  of  the  amplifier  - linear  and  nonlinear  - to  the 
degree  of  a change  in  the  resulting  bandwidth  tha  amplifier 

one  should  examine  in  the  form  of  the  simplified  model,  which 
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consists  of  two  resonance  quadrupoles,  frequency  characteristics  of 
which  are  aultiplied.  Then  the  stabilizing  effect  of  linear 
preanplifier  can  be  illustrated  qiven  in  Fig.  59  by  the  calculated 
curve  of  the  dependence 

AF  p.»/Af  a nn A^nc/A  F jihr). 

Froa  curve/graph  it  is  evident,  that  the  wore  value  <?-  \r Hf  Jl /A/*  .1  MK« 
l.e.  the  aore  the  width  of  the  bandwidth  of  the  logarithaic  amplifier 

in  coa  paris on  with  the  bandwidth  of  preliminary  linear  amplifier  a/',,.., 
the  lesser  the  width  of  the  resulting  passband  '*>»  it  differs 
from  a 

Besides  the  stabilization  of  the  bandwidth  of  logarithmic 
amplifiers,  the  introduction  into  their  composition  of  linear 

cascade/stages  makes  it  possible  to  solve  other  problems,  appearing 
during  the  practical  construction  of  logarithmic  amplifiers  of  the 
type  in  question  and  caused  by  the  specific  character  of  their  work. 

Thus,  for  instance,  during  the  construction  of  logarithmic 
aaplifier  with  wide  (80-100  dynamic  range  the  input  signals  it 

is  necessary  to  keep  in  aind  that  the  effectiveness  of  logarithmic 
computing  circuits  turns  out  to  be  maximum  cnly  when  noticeably  are 
developed  the  properties  of  nonlinear  cell/elements,  i.  e. , with 


supply  to  the  latter  of  powerful  signals.  But  the  signals  of  a more 
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or  less  significant  level  will  be  observed  at  the  output  only  of 
certain  stages  (beginning  with  the  second-third  cascade/stage).  But 
since  in  the  first  cascade/stages  of  the  amplified  signal  level  is 
comparatively  small,  the  property  of  the  nonlinear  cell/el emen ts, 
connected  in  the  load  circuit  of  these  cascade/stages,  they  are 
developed  very  weakly  and  dynamic  range  of  the  amplifier  practically 
does  not  increases  relative  to  the  input  signals.  Therefore  to 

introduce  the  logs rithmizing  circuits  into  the  first  stages  of 
amplifier  it  is  represented  unsuitable,  and  they  usually  work  in 
linear  conditions. 
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Fig.  59.  Dependence  of  th«  resulting  bandwidth  of  the  series 
connection  of  linaar  and  logarithaic  selective  amplifiers  on  the 
relationship/ratio  of  their  passbands. 
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Thus,  besides  the  provision  for  an  in  practice  the  constant  and 
independe*  variable  of  a change  of  input  signal  levels  bandwidth, 
the  linear  stages  of  preliminary  amplification  serve  also  for 
achievement  of  tha  necessary  value  of  the  amplification  of  the 
signals  of  weak  level,  and  their  presence  in  the  composition  of 
logarithnic  amplifier  contributes  to  an  increase  in  the  effectiveness 
of  logar  it  hmixing  circuits,  i.e.,  as  the  final  result  it  leads  to  an 
increase  in  the  dynamic  range  of  amplifier  in  input  signals. 
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Purthernore,  the  stabilization  of  the  fats  of  frequency 

characteristic  (or,  aore  precise,  the  bandwidth)  in  this  type 
amplifiers  it  :an  be  realized  in  by  sone  other  nethods,  in  particular 
the  partial  shunting  of  oscillatory  circuit  by  nonlinear 
cell/eleee nts  the  so  forth. 

j^ce  such  tba  fundaaental  methods  of  the  stabilization  of  the 

bandwidth  in  resonance  type  loqarithnic  amplifiers. 

It  is  necessary  to  note  that  in  a transistorized  logarithmic 
amplifier  of  the  resonance  type,  with  a change  in  the  level  of  the 
input  signal  a change  in  the  resonance  frequency  occurs  along  with 
an  expansion  of  the  passband  which  is  inherent  to  all  nonlinear 
amplifiers.  The  latter  is  caused  by  the  fact  that  with  the  opera- 
tion of  the  amplifier  in  a broad  dynamic  range  of  change  in  the 
level  of  input  signals  the  nonlinearity  of  the  static  characteristics 
of  amplifier  transistors  is  manifested.  This,  in  turn,  leads  to  a 
change  in  the  operating  conditions  of  the  transistors  on  direct 
current  and,  consequently,  to  a change  in  the  value  of  capacitances 
Cr. ■<  a.id  C, a,,*  depending  on  the  signal  level. 

As  is  known,  the  capacitance/capacities  indicated  iato  the 

composition  of  oscillatory  circuit,  in  consequence  of  which  during 
their  change  is  changed  the  value  of  the  resulting 
ca pncita nce/ca pad t y of  duct  and,  consequently,  also  its  resonance 
frequency.  It  is  not  difficult  to  see  that  the  degree  of  a change  in 
the  latter  is  found  in  direct  dependence  on  type  the  used  during  the 
construction  of  amplifier  transistors,  which  are  characterized  by  the 
low  capacitance  values  of  passages,  and  is  great,  if  anplifier  is 
assenbled  on  low-frequency  transistors. 


DOC  = 77182902 


page 

On  the  basis  of  this  it  is  possible  to  sake  the  following 
conclusions: 

1.  During  tha  production  of  resonance  type  transistor 

logarithsic  amplifiers  it  is  desirable  to  apply  the  new  types  of 
transistors,  which  possess  the  large  value  of  cat-off  frequency  f, 

and  the  respectivaly  relatively  low  value  of  a change  in  the 

diffusion  emitter  transition  capacitance.  In  this  case  will  be 

reached  the  sufficiently  high  stability  of  resonance  frequency  both 

in  the  separate  logarithaizing  cascade/stages  and  in  all  amplifier  as 

a whole  in  the  work  of  the  latter  in  the  wide  interval  of  the 

variation  of  input  signal  levels.  The  applicaticn/use  above  methods 

of  the  stabilization  of  the  form  of  frequency  characteristic 

indicated  will  nake  it  possible  to  ensure  the  bandwidth,  virtually 

independent  variable  of  of  input  signal  level. 
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Page  8 2. 

2.  Applied tion/use  in  the  amplifiers  of  the  transistors  of  the 
old  types  in  question,  which  possess  low  values  /?>  one  should 

restrict  by  the  range  of  comparatively  low  frequencies  (not  more  than 
3-5  KHz),  where  is  possible  the  use  of  sufficiently  high  capacitance 
values  of  oscillatory  circuit  C,,„ht  in  this  case  changes  of  the 
resulting  capacitance/capacity  of  duct,  caused  by  undesirable  changes 
in  its  separate  components,  will  be  small.  As  a result  a change  of 
the  resonance  frequency  of  amplifier  during  a change  in  the  level 
input  of  the  signal  will  be  brought  to  the  minimum. 

10.  Calculation  of  resonance  of  logarithmic  cascade/stage. 


The  special  feature/peculiarities  of  the  calculation  of  the 
practical  circuits  of  the  resonance  logarithmic  amplifiers,  made  both 
on  the  tubes  and  on  transistors  (are  in  form  only  the  those  special 
feature/peculiarity  of  the  calculation,  which  are  connected  with  the 


m 


. 
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determination  of  the  fundamental  parameter  of  logarithmic  amplifier  - 
dynamic  range  from  input  signals),  are  caused  ty  the  need  for  the 
account  of  the  entry  impedance  of  amplifier  instrument  and  detuning 
cf  cascade/stage. 

Let  us  begin  from  the  electron-tube  resonance  cascade/stage, 

where  in  the  anod>  circuit  of  tube  (on  alternating  current)  in 
parallel  to  oscillatory  circuit  is  included  symmetrical  nonlinear 
cell/ele me  nt. 


The  c onmon/ye neral/total  principles  of  the  calculation  of 
logarithmic  amplifiers  with  nonlinear  cell/elements  in  load  circuits 
are  presented  in  §3. 


Therefore,  the  fundamental  calculation  formula  is  expression 
(23),  suitable  for  the  calculation  both  aperiodic  and  tuned 
amplifier.  However,  in  the  case  in  question  this  expression  somewhat 
is  modified,  namely:  value  R IIOJI.MnKC  and  corresponding  to 

beginning  and  the  end/lead  of  the  logarithmic  section  of  the 
amplitude  characteristic  of  cascade/stage,  they  must  be  determined  in 
the  units 


(60) 


55? 

hUrm  \2h\  is  a modulus  of  resistance  of  oscillatory 


Page  84. 
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circuit;  p - tha  generalized  detuning;  x + ST  +«« 'tke  resulting 

effective  resistance  of  duct;  R is  resistor/resistance  of  the 
resistor,  connected  directly  in  duct  or  into  the  grid  circuit  of  the 
tube  of  the  subsequent  cascade/stage;  ^ **i*  the  resistor/resistance, 

caused  by  losses  in  inductance  coil  and  the  dielectrics  of  duct;^ 
is  the  input  impedance  of  a tube  of  the  subsequent  cascade/stage. 


Consequently,  the  parameter  1/be,  which  is  one  of  the  initial 
for  determining  value  is  calculated  as  follcws: 


l_  = 12,1 


Rt.l-  fc 


RnvM 


(61) 


y i + < 


It  is  not  difficult  to  see  that  the  value  of  the  dynamic  range 
of  resonance  cascade/stage  at  input  signals  depends  not  only  on  the 
value  of  the  generalized  detuning,  but  also  on  the  frequency,  for 
which  is  inclined  oscillatory  circuit.  Actually,  the  component  of  the 
resulting  effective  resistance  of  duct  R„  directly  is  determined  by 
the  frequency  of  tuning  f0,  namely: 


R 


it 


l 

-’n/.C.A  * 


(62) 


whsre  C„  is  a capacitance/capacity  of  oscillatory  circuit;  </K  - 
circuit  damping,  caused  by  losses  in  inductance  coil  and  the 

dielectrics  of  duct  (so-called  its  own  circuit  da  raping  whose  value 
ranges  from  0.01  to  0.05). 
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Another  component  Rout,  censed  by  the  input  impedance  of  a tube  of 
the  subsequent  cascade/staqe,  is  defined  as 

R,*  - -4-.  (63) 

' 0 
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Fig.  60.  Dependence  of  the  internal  resistance  of  the  losses  of 
oscillatory  circuit  on  frequency. 

Key:  (1).  (2).  Hz»F- 

Page  85. 

For  the  facilitations  of  the  calculation  of  value  in  Fig.  60 

and  61  are  constructed  the  gr  i^h/diagr a*s  of  dependence  Kk-'I'i (/..CK,  t/K) 
and^B5=i|-2(/’o,  /1)J£  Q,  1),  designed  in  accordance  with  expressions  (62)  and 
(63)  respectively.  With  the  use  of  the  curve/graphs  indicated  it  is 
necessary  to  bear  in  Bind  that  the  fact  that  they  are  constructed 
irrespectively  of  the  concrete/specific/actual  types  of  oscillatory 
circuit  and  electron  tube.  This  fact  Bakes  it  possible  to  encompass 
with  the  proposed  curves  the  virtually  all  used  at  present  types  of 
tube  and  ducts. 

Thus,  in  the  lost  general  case,  when  the  frequency  of  the  tuning 
of  anplifier  stage  does  not  coincide  with  the  frequency  of  the 
aaplified  cascade/stage,  i.e. , occurs  certain  detuning,  characterized 
by  value  «r-  the  determination  of  the  parameter  1/b2  can  be  produced 
with  the  aid  of  the  curve/graphs,  constructed  on  Fig.  62  in 
accordance  with  expression  (61). 

L _ _ i 
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Key:  (1).  oh a.  (2).  MHz. 
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In  accordance  with  what  has  been  said,  the  value  of  the  dynamic  tango 
of  the  resonance  1 ogar ithni zing  cascade/stage  at  input  signals  can  be 
found  as  follows: 

1.  Is  determined  necessary  for  providing  the  assigned  values  of 
the  factor  of  amplification  and  bandwidth  in  the  mode  of  the 
amplification  of  weak  signals  (more  precise,  in  the  wort  of 
cascade/stage  on  the  linear  section  of  amplitude  characteristic)  the 
value  of  the  resistor/resistance 

1 / (x+Tir+Kr)- 

The  separate  components  of  this  resistor /resistance  are 
deterained  with  the  aid  of  curve/graphs  (Fig.  60  and  61). 

If  the  design/projected  amplifier  is  intended  for  a work  in  the 
range  of  the  comparatively  low  frequencies,  when  resistor/resistances  R« 
and  Rtt  have  the  significant  magnitude,  as  components  and  l/R**  it 

is  possible  to  disregard,  and  then 
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Fig.  62.  Dependen 
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2.  Is  found  the  value  of  tbs  generalized  detuning  ap 
carve/graphs  (Pig*  62)  is  deternined  fcr  the  obtained  above 
""  — “^e  value  of  the  parameter  1/b2. 


and  fron 

value 


3.  For  the  assigned  values  dHuxi.  dn  and  1/b*  with  the  aid  of  the 
graphs  presented  in  Fig-  14-18,  is  deternined  the  value  of  the 
dynanic  range  of  cascade/stage  fron  input  signals  t/nNj. 

Other  paraneters  of  anplifier,  such  as  anplif ication  factor  and 
the  bandwidth,  can  be  designed  in  accordance  with  the  methods,  Known 

fron  the  theory  of  tuned  amplifiers. 

Let  us  examine  now  the  special  feature/peculiarities  of  the 

calculation  of  the  resonance  logarithmic  amplifier,  made  on  a transistor. 

As  is  evident,  the  order  of  the  calculation  remains  unchanged.  It  1 
natural  that  there  is  a difference  in  the  calculation  of  the 

transistor  amplifier,  it  is  comprised  in  the  account  of  the  character 

of  a change  in  the  input  and  output  resistance  of  anplifier 

instrunent,  i.a.,  difference  bears  only  quantitative  character. 

Actually,  if  representation  in  Fig.  61  curve/graphs  are  designed 

irrespectively  of  the  concrete/specific/actual  type  of  tube,  the 

values  #>.x.  found  with  the  aid  of  to  the  type  of  tube,  whereupon  value 

found  with  the  aid  of  these  curve/graphs,  closely  coinciding  with 

real  values  over  a wide  range  of  frequencies,  then  for  transistors 

such  universal  curve/graphs  cannot  be  constructed.  Thus,  for 

instance,  for  comparatively  low  frequencies,  which  do  not  exceed 
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(0.05-0.1)  whan  the  input  and  output  resistance  are  real  values, 

it  is  possible  to  use  the  expressions,  real  for  the  T-shaped 
equivalent  replacement  scheme  of  transistor,  namely; 

— r„  -f-  r6  1 1 — /n  z'  j ’ ^ 

R»k.o,,  - ra  4 -r„  | I + zTZr] ' 

Rnx  OK  = f(\  4 fi  \f 3 + 2T||], 


where  r,-„  r n,  rK  - the  parameters  of  replacement  scheme;  or  - the 
transmission  factor  of  the  current  of  emitter;  £ = - the 

equivalent  load  impedance,  and  to  construct  according  to  these 
expressions  curves,  that  make  it  possible  tc  determine  the  value  of 
the  input  and  output  resistance  of  cascade/stage  for  the  more  or  less 
vide  interval  of  the  variation  in  the  parameters  of  transistor  and 
load  circuit. 

Page  88. 


However,  for  the  high  frequencies,  when  all  parameters  of 
transistors  become  composite,  the  expressions  indicated  and, 
consequently,  also  the  constructed  in  accordance  with  then 
curve/graphs  no  longer  can  be  used.  Formulas,  recommended  for 
determining  the  parameters  of  transistor  at  high  frequencies,  turn 
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out  to  be  too  bulky.  In  connection  with  this  for  practical 
calculations  can  be  used  experimentally  obtained  the  curves  of  the 
dependences  of  the  parameters  of  transistor  on  frequency.  Some  of 
such  curves  are  represented  in  Fig.  63-64  for  the 
connection/inclusion  of  amplifier  transistor  according  to  circuit 
with  commo n/ genera  1/tot al  base  and  in  Fig.  65-66  for  the 
connection/inclusion  of  amplifier  transistor  according  to 
common-emitter  connection. 
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Fig.  63.  Dependence  of  the  real  and  imaginary  components  of  the  entry 
impedance  of  transistor  on  frequency  with  voltage  on 

collector/receptacle  UK~—5  vt.  t+s  and  the  current  of  collector 
mA.  _ real  component;  — — imaginary  component. 


Key:  ( 1)  . ohm.  (2)  . MHz. 


Fig.  64.  Dependence  of  the  real  and  imaginary  components  of  the 
output  conductance  of  transistor  on  frequency  with  voltage  on 
collector/receptacle  K<it*and  the  current  of 

collector/rece ptacls  ml. — real  component; 

imaginary  component. 


R«y:  (1).  >inlio.  (2).  HHz 
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After  on  the  proposed  curve/graphs  are  determined  values  R„x 
it  is  possible  to  perform  further  calculation  according  to  ♦he 
proposed  procedure. 


Let  us  note  only  that  since  during  the  construction  of 
transistor  tuned  amplifiers  it  is  necessary  to  take  measures  for 
providing  a mode/conditions  of  agreement  fcr  power  and  decreases  in 
the  effect  of  input  and  output  resistance  on  oscillatory  circuit,  is 
recommended  the  partial  connection/inclusion  of  duct  both  from  the 
collector/receptacle  of  amplifier  transistor  and  from  the  base  of  the 
transistor  of  the  subsequent  cascade/stage.  In  connection  with  this 
value  f\6<  andRft8(|(  those  which  are  introduced  into  the  calculated 
relationship/ratios,  one  should  determine  takinq  into  account  the 
appropriate  values  of  the  coefficients  of  incorporation. 
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Fig.  65.  Dependence  of  the  real  and  imaginary  components  of  the  input 
admittance  of  tramsistor  on  frequency  with  the  voltage  from 
co llector/receptas le  t'«=— s ►g* /-fs and  the  current  of  emitter  /3=i  nA  (for 
the  transistor  P40  3)  and  voMs  and  nA  (for  the  transistor 

P411).  — real  component; — imaginary  component. 


Key:  ( 1)  . mmho.  (2)  . MHz. 
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Fig.  66.  Dependence  of  the  real  and  imaginary  components  of  the 
output  conductance  of  transistor  on  freguency  with  (A,=  —5  /olf3  and 
mA  (for  the  transistor  P403)  and  (A.=—  2 v'&'+sand  /,=  i mA  (for  the 

transistor  P411). the  real  component:  - imaginary 

component. 


Key:  (1).  pmho.  (2).  MHz. 
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The  proposed  calculation  procedure  is  related  to  tuned 
amplifier.  But  if  we  in  amplifier  use  the  more  compound  circuits  of 
interstage  communicat ion/connection,  fcr  example  two-circuit  filter, 
then  in  general  form  the  calculation  formulas  turn  out  to  be  more 
complex.  However,  in  logarithmic  amplifiers  the  parameters  of  these 
circuits  are  selected  so  that  the  value  of  the  factor  of 
communication/connection  would  be  equal  critical  to  value,  and 
consequently,  resonance  curve  was  single-humped.  In  this  case  the 
formulas  for  determining  daxi  remain  virtually  without  the  change:  in 
them  is  introduced  only  the  coefficient  which  considers  an  increase 
in  the  back-out  resistor  of  duct  into"V2  with  the  same  width  of  the 
transmission  band  as  in  tuned  amplifier. 

11.  Use  of  its  own  nonlinearity  of  transistors  for  the  construction 
of  logarithmic  amplifiers. 

The  simplest  and  widespread  method  for  the  realization  of 
logarithmic  amplifiers  is  the  introduction  of  nonlinear  resistor  into 
the  load  circuit  of  amplifier  cell/element  - transistor.  Thus,  in 
general  form  logarithmic  amplifier  stage  is  the  combination  of  usual 
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linear  anplifier  and  nonlinear  cell/element,  which  possesses  the 
volt-ampere  characteristic  of  the  necessary  form  in  this  or  another 
range  of  stresses.  As  shown  in  the  previous  sections,  the  presence  of 
nonlinear  resistors  to  the  certain  degree  complicates  amplifier 
circuit,  since  it  reguires  the  acceptance  of  those  or  other  measures 
for  an  increase  in  the  degree  of  the  coincidence  of  amplitude 
characteristic  with  ideal  logarithmic  law. 

Therefore  it  is  of  interest  to  examine  the  following  question: 
there  is  a possibility  to  carry  out  a logarithmic  amplifier,  without 
introducing  into  circuit  special  nonlinear  elements.  It  proves  to  be 
that  this  is  possible  because  of  the  use  of  nonlinear  properties  of 
amplifier  instrumants,  in  this  case  of  transistors. 

It  is  known  that  the  transistor  is  especially  nonlinear 
instrument  and  in  the  general  case  can  be  considered  as  active 
nonlinear  four-pole,  the  transmission  factor,  input  and  output  and 
output  resistance  of  which  are  the  nonlinear  functions  of  currents 
and  voltages.  In  this  case  the  character  of  the  nonlinearity  of  the 
parameters  of  transistor  qualitatively  differs  from  the  character  of 
the  nonlinearity  of  the  parameters  of  electron  tube. 
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Examining  the  standard  characteristics  of  transistors,  it  is  no* 
difficult  to  ascertain  that  that  field,  within  limits  of  which  the 
static  characteristics  can  be  considered  linear,  is  very  small.  And, 
therefore,  with  any  considerable  signal  amplitudes  at  the  input  of 
amplifier  stage  (order  0.  1 V.)  amplitude  character ist ic  begins  to 
differ  from  linear  law  to  which  the  greater  degree,  the  more  powerful 
the  input  signal.  This  is  illustrated  by  the  given  in  Fig.  68 
amplitude  characteristic  of  selective  transistor  amplifier  (Fig.  67). 
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Fiq.  68.  Amplituda  characteristic  of  tuned  amplifier.  Input  siqnal  is 
a continuous  oscil  lation/vibration  with  frequency  '°“50  N Hz . 

Key:  (1).  Ideal  logarithmic  curve.  (2).  pV. 


Page  92. 

As  is  evident,  in  the  adopted  semilogar it hmic  system  ot  coordinates 
the  characteristic  is  straight  line  (with  very  insignificant 
divergences)  in  dynaeic  range  at  input  signals  of  approximately  3(1 
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dB.  Furthermore,  it  proves  to  be  that  during  a tenfold  change  in  the 
amplitude  of  input  signal  - from  20  to  200  mV  occurs  the  expansion  of 
the  passband  of  amplifier  from  17  to  25  HHz  , i.e. , is  observed  the 
same  effect  as  with  the  shunting  of  the  load  of  transistor  by 
nonlinear  cell/elements.  In  actuality,  so  it  there  is.  As  is  known, 
in  multistage  transistor  amplifier  the  load  circuit  of  each 
cascade/stage  is  shunted  by  the  entry  impedance  of  the  subsequent 
transistor,  equal  at  the  incorporation  of  transistor  according  to 
common-emitter  connection: 

* '• + '•  [ 1 + l -i  + u 77 ] ' (li5) 

As  is  evident,  the  entry  impedance  in  practice  completely  is 

determined  by  the  resistor/resistance  of  passage  emitter-base  the 
physical  processes,  which  occur  in  this  passage  (hole  injection  into 
the  base  of  transistor),  are  analogous  to  processes  in  semiconductor 
diode,  and  the  volt-ampere  characteristic  of  emitter  junction,  which 
describes  the  process  injection,  is  close  to  the  volt-ampere 
characteristic  of  the  diode,  utilized  as  the  basic  type  of  nonlinear 
cell/element  in  logarithmic  amplifiers  of  the  type  in  question.  Since 
the  differential  resistor/resistance  of  emitter  junction  is  defined 
as 
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Dependence  R**  ${!*).  being  is  constructed  in  the  semi log ar it hmic 

system  of  coordinates  (Fig.  69),  has  the  form  cf  straight  line.  Here 
are  depicted  (by  dotted  line)  the  characteristics  of  real 
transistors.  As  is  evident,  the  latter  coincide  with  described 
expression  (43)  of  curve  with  very  high  accuracy  up  to  the  low  values 
of  entry  impedance.  With  the  high  currents  of  emitter  appear  more  or 
less  considerable  deviations  from  the  idealized  dependence,  which  is 
explained  by  the  effect  of  the  resistor/resistance  of  base  '*•  which 
with  the  low  currents  of  emitter  can  be  disregarded. 

During  a change  in  the  amplitude  cf  input  signal  changes  the 

current  of  the  emitter  of  amplifier  transistor  and  with  respect  is 

changed  within  sufficiently  wide  limits  the  resistance  '»•  An  example 

is  the  dependence  of  the  entry  impedance  of  the  transistor  P403  on 

the  applied  to  junction  voltage,  presented  in  Fig.  70.  This  leads 

K.’R,  .K.'  l/(t/'Z«+  WKu  Q 

also  to  the  fact  that  the  resulting  load  impedance,  equal"  f"6  V 

also  decreases  with  an  increase  of  the  amplitude  of  input,  signal, 
that  in  turn,  leads  to  decrease  in  nonlinear  law  and  the  coefficient 
of  the  amplification  of  cascade/stage. 

The  extent  of  the  section  of  amplitude  characteristic  with 
positive  slope/inclination  and,  consequently,  also  the  dynamic  range 
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of  amplifier  at  input  signals  can  be  increased  by  changing  the  mode 
of  transistors  in  direct  current,  this  method  in  the  form  of  the 
considerable  nonlinearity  of  the  static  characteristics  of 
transistors  having  more  great  possibilities,  rather  than  in 
vacuum-tube  amplifiers. 

Page  9 3. 


In  conclusion  it  is  necessary  to  note  that  such  amplifiers 
should  not  be  applied  in  the  critical  nodes  of  the  radio-3 lect ronics 
equipment,  where  are  required  the  high  accuracy  of  functional 
transformation  in  the  wide  dynamic  range  of  a change  in  the  intensity 
of  input  signals,  or  the  high  stability  of  the  parameters  in  all 

conditions  of  work.  But,  by  speaking  relative  to  the  usa  of  nonlinear 
properties  of  transistors,  it  is  necessary  to  keep  in  mind  that  in 
conjunction  with  the  known  methods  of  logarithmic  operation  these 
properties  give  the  determined  effect.  First,  they  contribute  to  an 
increase  in  the  extent  of  the  section  of  amplitude  characteristic 
with  positive  slope/inclination,  although  it  is  obvious  that  the 
degree  of  this  expansion  cannot  be  determined  by  calculation,  at 
least  with  the  aid  of  known  engineering  formulas.  From  experimental 
data  it  follows  that  an  increase  in  the  dynamic  range  of  amplifier  in 
input  signals  can  be  6-10  dB.  In  the  second  place,  they  make  it 
possible  to  carry  out  a more  or  lass  satisfactorv  coupling  of  the 
individual  sections  of  the  amplitude  characteristic  of  multistage 
logarithmic  amplifier. 
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Fig.  69.  The  dependence  of  the  standardized/normalized  entry 
inpedance  of  the  transistor,  connected  according  to  comnon -erai t ter 
connection,  from  the  current  of  emitter. 

Key:  (1).  mA. 

Fig.  70.  Dependence  of  entry  inpedance  transistor,  coupled  according 
to  circuit  by  c ommon/general/total  base,  on  input  voltage.  Transistor 
of  the  type  PI03:  »,-s  at;  5 ycLfa 

ley:  (1).  oka. 


n 


Fig.  71.  Scheaatic  diagram  of  four-stage  logarithmic  amplifier 


Key:  (1).  V.  ( 1 A)  . Input.  (2).  Output/yield. 


Page  95. 
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12.  Special  feature/peculiarities  o f the  4e''S«9n  — technological 

execution  of  transistor  logarithmic  amplifiers. 


The  experimental  check  of  logarithmic  amplifiers  showed  that 
described  into  §6  the  method  of  the  construction  the  latter  with  use 
decouplers  makes  it  possible  to  remove  the  undesirable  shunting  of 
nonlinear  cell/element  by  the  low  by  the  entry  impedance  of  the 
transistor  of  the  subsequent  cascade/stage  and  makes  it  possible  of 
obtaining  the  considerable  dynamic  range  of  amplifier  with  input 
signals  with  the  minimum  number  of  cascade/stages.  An  example  of  this 
construction  of  multistage  logarithmic  amplifier  is  the  depicted  on 
Fig.  71  circuit.  As  is  evident,  the  amplifier  contains  four  amplifier 
stages,  each  of  which  consists  of  strictly  the  aperiodic  amplifier, 
made  on  transistor  with  its  incorporation  according  to  common-base 
circuit  of  symmetrical  nonlinear  cell/element  in  load  circuit  on 
alternating  current  - the  antiparallel  connection  of  two 
semiconductor  diodes  and  decoupling  cell/element  - emitter  follower. 
In  the  circuit  in  question  on  amplifier  transistors  the  supply 
voltage  is  fed  from  two  sources.  This  measure  considerably  raises  the 
stability  of  the  fundamental  characteristics  of  logarithmic 
amplifier.  For  this  purpose  amplifier  transistors  are  included 
according  to  common-base  circuit,  which  possesses  in  comparison  with 
other  circuit  diagrams  of  transistor  the  highest  stability.  From  the 
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experimentally  removed  amplitude  characteristic  of  amplifier, 
presented  in  Fig.  72,  it  is  possible  tc  determine  that  the  value  of 
dynamic  range  at  input  signals  is  appr oxi m ately  80  dB,  whereupon  the 
degree  of  the  coincidence  of  objective  parameter  with  ideal 
logarithmic  curve  is  sufficiently  high-  Thus,  is  confirmed  thought 
about  the  high  quality  of  the  proposed  method  of  the  construction  of 
logarithmic  amplifiers. 


Tig.  72.  Amplitude  characteristic  of  four-stage  logarithmic 

amplifier. _ the  amplitude  characteristic  of  amplifier; 

ideal  logarithmic  curve.  Input  signal  is  a continuous 
oscillation/vibration  with  freguency  = 200  kHz. 

Key;  (1).  V.  (2).  MV. 

Page  96. 

Figure  73a  shows  the  appearance  of  the  experimental  mock-up  of 
the  amplifier,  made  in  accordance  with  schematic  diagram  in  Fig.  71. 

Amplifier  is  made  with  the  application/use  of  miniature/smal 1 parts 
(condenser/capacitors  of  the  type  MBA,  resistors  of  the  type  OMLT  and 

so  forth).  The  nonlinear  cascade/stages  not  only  identical  in  the 
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relation  to  electrical  circuit,  but  also  are  mounted  according  to 
identical  assembly  diagram  (Fig.  lib). 

Let  us  pause  at  the  special  feature/peculiarities  of  the 
execution  of  resonance  type  logarithmic  amplifiers.  As  an  example  l»t 
us  examine  the  amplifier,  made  with  the  application/use  of  the 
two-circuit  body-fixed  systems  as  interstage  networks.  Figure  7h 
depicts  the  circuit  of  transistor  amplifier  with  the  frequency  of 
tuning^" p =8  H Hz. 


7'5(h> 

Fig.  73.  Poor-stage  logarithmic  amplifimr-  a)  the  appearance  of 
amplifier;  b)  the  appearance  of  one  cascade/stage. 
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Fig.  74.  Schematic  diagram  of  selective  logarithmic  amplifier.  T,  , 
T2,  ...»  T6  - transistors  of  the  type  P416A;  D,  , d2.  ...  D8  - 
semiconductor  diodes  of  the  type  D9E. 

Key:  (1).  V.  (1A).  Input.  (2).  Out  put  /y  iel  d . 
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As  is  evident,  in  this  amplifier  the  interstage  network  is  made  in 
the  form  of  two-circuit  system  with  the  external  capacitive  coupling, 
which  ensures  obtaining  the  more  stable  under  varied  conditions 
operation  of  resonance  curve,  than  in  systems  with  transformer 
coupling.  The  special  feature/peculiarity  of  the  circuit,  in  question 
is  also  that  the  secondary  duct  is  made  consecutive:  besides 
capacitor  and  inductance  coil,  it  contains  input  capacitance  and  the 
entry  impedance  of  the  transistor  of  the  subseguent  cascade/stage. 

The  measure  indicated  provides,  as  is  known,  the  condition  of  the 
optimum  agreement  for  power  and  virtually  removes  the  effect  of  the 
technological  scatter  of  the  parameters  of  transistor  (entry 
impedance  and  input  capacitance)  on  the  characteristics  of  the 
interstage  network  of  entire  amplifier.  As  concerns  nonlinear 
cell/elements,  thay  are  included  in  both  ducts. 
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Fig.  75.  The  appearance  of  selective  logarithmic  amplifier. 


Page  9 9. 

Figure  75  gives  the  general  view  of  the  amplifier,  prepared 
according  to  circuit  in  Fig.  74.  As  is  evident,  it  is  of 
miniature/small  design  with  the  high  density  of  mounting. 


All  network  elements  are  arrange/located  on  the  printed  board: 
each  amplifier  stage,  in  turn,  it  is  arrange/located  on  the  section 
of  board,  limited  by  the  shielding  partition/baffles  (for  the 


1 
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prevention  of  the  mutual  effect  of  adjacent  cascade/stages ) . The 

connection  of  amplifier  into  the  common/general/total  complex  of 
equipment  is  realized  through  high-frequency  couplings. 

On  the  basis  of  presented  it  is  possible  tc  count  that  from 
structural/design  point  of  view  the  amplifiers  with  nonlinear 

cell/elements  in  load  circuits  in  essence  are  sufficiently  simple  and 
do  not  require  the  exaggerated  number  of  supplementary  parts  (in 
comparison  with  usual  linear  amplifiers).  Therefore  the  overall 

dimensions  of  nonlinear  amplifiers  are  determined  by  the  same  factors 

A. 

that^  the  size/dimensions  of  linear  amplifiers,  and,  as  a rule,  the 
complexity  of  the  execution  of  mounting  virtually  does  not  grow/rise. 

Comparing  electron-t ube  and  transistor  logarithmic  amplifiers 
with  the  shunting  of  load  by  nonlinear  cell/elements,  one  should  note 
the  following  important  fact.  In  transistor  amplifier  is  absent  the 
undesirable  combination  of  the  strongly  being  heated  amplifier 
instruments  and  temperature-sensitive  nonlinear  cell/elements,  since 
transistors  virtually  do  not  isolate  heat.  There  is  not  strongly 
heating  parts,  heat  liberation  from  which  could  cause  a change  in  the 
parameters  of  nonlinear  cell/elements  and  connected  with  this  changes 
in  the  characteristics  of  amplifier,  of  course,  the  transistors  are 
characterized  considerably  larger,  rather  than  electron  tubes,  by  the 
temperature  dependence  of  the  parameters.  However,  in  this  case  it  is 
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necessary  to  bear  in  mind  following-  First,  the  temperature 
compensation  for  transistor  amplifier  is  realized  with  the  aid  of  the 
parts,  which  determine  the  mode  of  the  work  of  transistors  on  direct 
current,  and  usually  do  not  require  supplementary  circuits.  In  the 
second  place,  transistor  and  nonlinear  cell/element  - semiconductor 
diode  possess  approximately  the  identical  value  of  thermal  inertia; 
consequently,  is  open/disclosed  possibility  by  the  comparatively 
simple  methods  to  carry  out  a temperature  compensation  (for  example, 
by  the  incorporation  of  thermistors). 
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Speaking  about  the  reliability  of  transistor  logarithmic 
amplifiers  of  the  type  in  question,  one  should  note  the  explicit 
advantage  of  the  latter  before  vacuum-tube  amplifiers,  caused  by  the 
following  reasons. 

First,  transistor  itself  is  more  reliable  amplifier  instrument, 
than  electron  tube. 

In  the  second  place,  in  transistor  logarithmic  amplifiers  with 
the  shunting  of  load  in  a number  of  cases  is  not  required 
introductions  into  the  circuit  of  the  supplementary  cell/elements, 
which  stabilize  the  bandwidth  (more  precise,  its  high-frequency 
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Thirdly,  a temperature  compensation  in  transistor  amplifiers  can 
be  carried  out  by  comparatively  simple  methods,  which  do  not  require 
the  introduction  of  supplementary  circuits. 

As  concerns  the  ways  of  an  increase  in  the  reliability  of 
amplifiers  of  the  type  in  question,  they  they  do  not  differ  from 
conventional  (for  example,  the  reliability  of  amplifier  can  be  raised 
by  a decrease  in  the  number  of  its  parts,  by  the  application/use  of 
nonlinear  cell/elements,  made  in  the  form  of  parallel  or  antiparallel 
connection  of  semiconductor  diodes,  and  so  forth). 

The  proposed  method  of  the  construction  of  logarithmic 
amplifiers  allows  with  the  aid  of  one  and  the  same  cell/elements, 
introduced  into  the  composition  of  load  circuit,  to  carry  out 
stabilization  of  the  bandwidth,  adjustment  of  the  accuracy  of 
logarithmic  amplitude  characteristic  and  extent  of  the  logarithmic 
section  of  the  amplitude  characteristic  of  amplifier. 

Conclusions.  1.  In  transistor  logarithmic  amplifiers  with 
nonlinear  cell/elements  in  load  circuits  the  nonlinear  cell/element 
is  the  unique  specific  part,  which  differs  logarithmic  amplifier  from 
the  linear.  Therefore  the  selection  of  the  type  of  nonlinear 
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cell/eleme  nt  and  the  determination  of  its  operational  conditions  are 
the  fundamental  questions  with  analysis  and  the  practical 
implementation  of  this  type  logarithmic  amplifiers. 

2.  As  the  cell/elements,  which  possess  nonlinear  volt-ampere 
characteristic  and  which  ensure  obtaining  logarithmic  amplitude 
characteristic,  in  contemporary  amplifiers  are  utilized  the 
semiconductor  diodes,  transistors,  and  also  electron  tubes. 

Page  101. 

3.  The  fundamental  index,  which  makes  it  possible  to 
qualitatively  r at e/est iraate  the  effectiveness  of  the  work  of 
logarithmic  amplifier,  is  the  value  of  dynamic  range  at  input 
signals,  determined  by  the  extent  of  the  logarithmic  section  of 
amplitude  characteristic,  i.e. , by  the  parameters  of  load  circuit  and 
by  the  type  of  the  used  nonlinear  cell/element.  The  proposed 
procedure  of  calculation  of  logarithmic  amplifiers  is  universal  and 
can  be  used  during  the  calculation  of  circuits  with  nonlinear 
feedback,  and  also  other  equipment/devices,  which  contain  the 
nonlinear  cell/elements  whose  resistor/resistance  changes  under  the 
effect  either  of  the  amplified  signal  or  signal  AGC. 

4.  Introduction  into  the  nonlinear  circuits  of  linear  resistors 
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brings:  to  a decraase  in  the  dynamic  range  of  logarithmic  amplifier  - 
in  the  case  of  the  incorporation  of  linear  resistors  consecutively 
with  nonlinear  cell/element; 

to  an  increase  in  the  dynamic  range  in  input  signals  - in  the 
case  of  the  execution  of  the  logarithmizin g circuit  in  the  form  of 
the  resistive  voltage  divider. 

5.  In  transistor  amplifiers  (unlike  the  electron-tube)  the 
problem  of  the  simultaneous  achievement  of  wide  passband  and 
considerable  dynamic  range  in  input  signals  is  solved. 

6.  In  transistor  logarithmic  amplifiers  there  is  a supplementary 
factor,  facilitating  the  stabilization  of  the  value  of  the  upper 
cut-off  frequency  and  caused  physical  by  the  special 
feature/paculia rities  of  the  work  of  transistors. 

7.  The  nonlinear  properties  of  transistors  contribute  to  an 
increase  in  the  extent  of  the  section  of  amplitude  characteristic 
with  positive  slope/inclination  and  make  it  possible  to  carry  out  a 
more  precise  coupling  of  the  individual  sections  of  the  amplitude 
characteristic  of  multistage  logarithmic  amplifier. 


8.  It  is  shown,  that  the  most  advisable  method  of  the 
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construction  of  transistor  logarithmic  amplifier  is  the  execution  of 
each  nonlinear  cascade/stage  in  the  form  of  the  combination  of  three 
circuits:  linear  amplifier  stage,  nonlinear  logar  ithmiz  ing  circuit 
and  untying  cascade/stage. 

Page  102. 

9.  From  structural/design  point  of  view  the  transistor 
amplifiers  with  nonlinear  cell/elements  in  load  circuits  in  essence 
are  sufficiently  simple  and  do  not  require  the  large  number  of 
supplementary  parts  (in  comparison  with  usual  linear  amplifiers). 

10.  The  examined  method  of  the  construction  of  logarithmic 
transistor  amplifiers  possesses  the  doubtless  advantage;  it  allows 
with  the  aid  of  one  and  the  same  cell/elements,  introduced  into  the 
composition  of  load  circuit,  to  carry  out  stabilization  of  the 
bandwidth,  adjustment  of  the  accuracy  of  logarithmic  amplitude 
characteristic  and  extent  of  the  logarithmic  section  of  the  amplitude 
characteristic  of  amplifier. 

11.  The  temperature  compensation  for  transistor  logarithmic 
amplifier  is  realized  with  the  aid  of  the  parts,  which  determine  the 
mode  of  the  work  of  transistors  on  direct  current,  and  usually  does 
not  require  the  introduction  of  supplementary  circuits,  which  makes 
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it  possible  to  utilize  transistor  logarithmic  amplifiers  in 
rainiat ure/smal 1 and  miniature  equipment. 
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